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Abstract 
Supporting the 
Configuration of DMS 
Decision-making plays a large part in everyday organisational activities. Decisions 
are rarely made in isolation and it is important to gain a wider view of decision­
making systems (decision-making agents, decision-making activities, infrastructure 
and technology to facilitate decision-making and the knowledge and information 
essential to making decisions}. 
The key to this Ph.D. research 1s to develop an understanding of the involvement of 
decision-making and decision-making systems with organisations and, further, to 
develop a tool (ToADS - Tool for the Assessment of Decision-making Systems) to 
aid organisations equip themselves to make the best possible decisions, 
considering the mutual affects between decision-making systems and a number of 
other factors (for example, internal variables such as lifecycle position, external 
variables from outside the organisation, organisational culture of the organisation 
and the level of decision-making). 
One significant challenge faced by organisations, in particular engineering 
organisations, is the product-service shift, whereby organisations have moved 
from delivering a product to the provision of through-life service support. 
The research aims to investigate the involvement of decision-making within 
organisations, the impact of the product-service shift on this decision-making and 
if it is possible to better support the configuration of decision-making systems in 
dynamically changing situations and organisations. Different industries are 
experiencing different stages of the product.service transition - it may be that 
there are lessons to be learned across sector boundaries. 
The thesis begins by introducing the problem to be addressed and research 
context. This research has taken place as part of an EPSRC (Engineering and 
Physical Sciences Research Council) funded project (the Knowledge and 
Information Management through life grand challenge), which provides 
background · and context for the work. Relevant literature is addressed to 
determine the current state of research in corresponding areas. 
The majority of the work presented looks at the development of the prototype of 
the proposed solution system (ToADS). This was initially scoped through a series of 
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exploratory analysis and pilot studies, followed by two, in-depth, industry based 
case studies in a multi-national aerospace organisation. An explanation of how 
these studies shaped and refined the proposed solution is provided, along with a 
suggested process of use for the tool. The tool and process for use were tested 
through several validation exercises. 
Various discussions are presented, considering the strengths and limitations of the 
components parts of the tool, the tool itself and the process followed for the 
research. 
The thesis concludes with an assessment of initial objectives, a summary of the 
work completed and an outline of potential follow on or future work. 
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1. Introduction 
Supporting the 
Configuration of DMS . 
This chapter introduces the research contained in this thesis. It is split into five 
sections. Section 1.1 gives an overview of the problem being tackled by this 
research. Section 1.2 provides some background information on the research 
project to which this Ph.D. research contributes, to set the work in context. 
Sections 1.3 and 1.4 introduce the aims and objectives for the research work, 
followed by a statement on the methodological approach. The final section, 
section 1.5 provides an outline of the structure and content of the rest of the 
thesis. 
1.1 Overview of the problem 
Society is too familiar with accidents, incidents and projects that do not go well. 
This is not sector specific: accidents are seen in aerospace and other transport 
networks, and projects are rarely expected to run to budget or on time, as was 
seen with the new Wembley Stadium. Incidents and circumstances such as those 
leading up to the current financial situation affect everyone. Decision-making (DM) 
plays a large part in everyday organisational activities and in these problem 
situations. The following scenario, taken from a real accident, illustrates the 
problem more clearly. 
On 8th January 1989, G-OBME, a Boeing 737-400 operated by British Midland 
Airways, crashed on the western embankment of the M1 motorway at Kegworth, 
Leicestershire. There were 47 passenger fatalities and 74 serious injuries. The 
resulting enquiry (AAIB, 1990) identified pilot error as the main cause of the 
accident because the wrong engine was shut down. That action of shutting an 
engine down was a decision that the pilot had to make. Looking at the moment in 
isolation and with the benefit of hindsight, the pilot made the wrong decision. 
However, ifthe surrounding situation is considered, looking at the decision support 
(DS) and the decision-making system (DMS, the combination of the agents, 
activities, infrastructure and knowledge and information involved in DM, see 
section 2.5) some significant contributory circumstances can be elucidated. There 
are a number of issues that can be identified in the time preceding the accident, 
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which are linked to the decisions that were made by individuals involved and to 
the nature of the DS that was available, such as the lack of communication of 
essential information. The cabin crew and passengers had seen the flames in one 
of the engines, but this information did not reach the pilot. There was also a lack of 
sufficient training for key decision makers. The engine management system in the 
cockpit had recently been upgraded, but the pilot had not received updated 
training. This led to an interpretation of the information presented by the engine 
management system based on the old system, not the new one. More generally, if 
decision makers are not enabled to make the best decision by the system that 
surrounds them then there will continue to be more incidents and project overruns 
and failure will continue to be attributed largely to human error rather than poor 
DMS design. With wider contextual understanding, these classes of 'failure' may be 
reduced and organisations in general may be more efficient. 
Decisions are never made in isolation and poor DM is often a symptom of 
underlying organisational issues. This is the reason for taking a wider view of DMS 
within organisations (Simon, 1997). DM in organisations, the associated 
management structure, necessary knowledge and information and required 
planning are both complex and problematic. This is because DM encompasses so 
much: many of the activities an organisation carries out are DM activities and it is 
often unclear where the authority and chains of delegations lie, so people may not 
know who has the responsibility to make a decision; this is all assuming that the 
decisions that need to be made, their outputs, implications and links to other 
decisions are understood. 
Different organisations in different sectors are experiencing the product-service 
shift (PSS, the move from product delivery to service provision, see section 1.2.3) 
in different ways at different stages in the product lifecycle. This in itself can cause 
DM to be even more complex and problematic. This will be especially evident in 
extended supply chains. It is likely that a supplier organisation will have a very 
different experience of the PSS to its customer organisation. Decisions made within 
one organisation will likely affect the other through this supplier-customer 
relationship, and the implications will need to be understood by both parties. This 
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will make the definition of any partnership (or other form of relationship) more 
critical. There will also be the implication of the associated risk considerations with 
any decision made. Further to this, since many organisations are transitioning 
through the PSS, the impact of time on decisions is more important. The outcome 
of a decision is not always realised instantaneously. This means that any transition 
the organisation is experiencing should be taken into account during OM. 
This research investigates the process and systems that result in decisions being 
taken in organisations (the OMS), the impact of the PSS on this OM and explores 
whether it is possible to assess and support the configuration of OMS in 
dynamically changing situations and organisations in a more effective manner. The 
research does not aim to address the planning of decisions, nor the collection of 
information for decisions. The impact of the PSS is described in more detail in 
Chapter 2, Problem Statement. 
1.2 Background 
This research has taken place as part of an EPSRC (Engineering and Physical 
Sciences Research Council) funded project, outlined in section 1.2.2. This project 
also provides background and context for the work. 
1.2.1 KIM Grand Challenge 
EPSRC in the UK funded five Grand Challenges, that is, five areas of research aiming 
to transform UK business, especially in manufacturing and construction. All of 
these challenges involve academic and industrial partners. 'Knowledge and 
Information Management - through life' (KIM) was the biggest of these Grand 
Challenges, funded at approximately £5 million over a period of three years. KIM 
involved 11 academic institutions and a number of industrial partners who, in their 
domain of engineering, are undergoing a paradigm shift from product delivery to 
through life service support. The PSS is introduced in section 1.2.3, with the 
industrial implications outlined in section 2.3. 
The overall aim of the project, as stated 
(www.kimproject.org) is: 
- 3 -
on the project website 
--------------------------------- -- --
I 
I 
I 
I 
I 
I 
_I 
Ella-Mae Hubbard Supporting the 
Configuration of DMS 
"The identification of approaches to information and knowledge 
management that may be applied to the through-life support of long-
lived, complex engineered products." 
The programme of work was split into four work packages and each of those into 
sub tasks. The basic aims of the work-packages (WPs), as outlined on the project 
website, were as follows: 
• WPl - worked on the development of tools, techniques and theories for 
enduring representations of products, processes and rationale. 
• WP2 - looked at the understanding of systems and their impact on users, 
along with how this may change over the lifecycle. It also aimed to determine 
strategies for actively capturing associated knowledge and information. 
• WP3 - investigated dynamic knowledge collection and potential for 
improvement, particularly in the areas of organisation and governance, human 
resource management (HRM) and DS. 
• WP4 - aimed to ensure integration of the research. 
The focus ofthis research was the third sub task within WP3, task 3.3 - 'Managing 
the Knowledge System Life Cycle - Life Cycle Decision Support'. 
1.2.2 The scope of task 3.3 
The task 3.3 research team was a composition of sub-teams from the Universities 
of Salford, Cambridge, Reading and Loughborough with some associated industrial 
partners. All of the separate sub-teams have worked on separate areas within the 
task 3.3 remit, completing separate research and separate studies. 
The scope of the research in task 3.3 was to investigate the effect on DM and DS of 
a shift from product delivery to through life service support. It aimed to increase 
the understanding of DM and the various methods to support it in the context of 
product-service projects and to provide suggestions for improvement of related 
practice. 
The main focus of the KIM project with regard to DM and DMS was on three main 
areas: 
• The implications for companies moving into the product-service supply chain in 
terms of organisation and governance. 
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• The human resource implications of this move to product-service contracts. 
• Any changes in requirements for appropriate DS mechanisms at particular 
points along the engineering life cycle (ELC). 
Task 3.3, Life Cycle Decision Support Models, focuses on the conceptualisation 
design and implementation of DS in product-service projects across different 
sectors. Investigations across the task 3.3 research group have focused on the: 
• Nature of information and knowledge 
• Dimensions ofthe decision context 
• DeCision-making systems 
• Process by which the decision situation is understood and options generated, 
analysed, evaluated and selected. 
Within task 3.3, the work presented in this thesis focused on investigating the 
wider implications of DMS and also providing different views on the decision 
context to the other sub teams within task 3.3. This second point produced a 
discussion paper as a joint output with Salford University (Rooke et aI., 2008), 
which looked at modelling and metaphors as techniques to describe complex 
systems. 
As noted on the project website, the support timescales may be 10, 20, 30 years or 
beyond, during which time the information and knowledge will be stored, 
accessed, used and received many times over in many different situations and 
contexts. The issues that arise from considerations of such a time frame (Sinclair et 
aI., 2006) can be summarised as follows: 
"Beyond 30 years we will be designing (and servicing) products and 
systems whose requirements and uses are not yet known, using 
materials and processes not yet invented or developed, using suppliers 
who will be very different to now and who may have a shorter lifetime 
than the system itself, and all of this will be done, including maintaining 
the system information and knowledge, with people who are not yet 
born and who will not be in post for more than a decade. This has been 
termed the 'looking forwards problem'." 
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There are also things to be learned 'looking backwards', for example, how are 
legacy systems dealt with that were first designed and produced many years ago, 
e.g. the RAF Canberra photo reconnaissance airplane, designed in the 1950s and 
still flying today. 
1.2.3 The Product to Service Shift (PSS) 
One significant challenge faced by organisations, in particular engineering 
organisations, is the so-called 'product to service shift' (PSS), whereby 
organisations have moved from delivering a product to the provision of through-
life service support. 
In essence, it is supposed that many engineering companies have been working 
according to the 'deliver a product' philosophy (see figure 1.1), so they design 
something, produce it and deliver it to the customer. Post-delivery care for the 
product is then the subject of a different set of negotiations. 
Input Process 
Design 
Figure 1. 1 Product delivery process 
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The PSS implies a big shift in the knowledge required to deliver an ongoing 
capability. In effect, the customer merely specifies the service required, together 
with its duration, and pushes the required analysis and subsequent engineering 
down to the supplier. Consequently, supplier companies now have much more to 
think about, as figure 1.2 attempts to show. 
Concept 
h~~ 
Design :'M~riuf~ctdre 
Maintenance 
Training 
""",,,"-p""'r""o~d""tic""'e-·~in~·; ~ 
S'erVlte;~ Disposal 
Finance Management Human 
resources 
Figure 1. 2 Product service process, with supporting functions highlighted 
Organisations still have the design and manufacture functions, but now rather than 
just delivering a product, they are providing a service that may include 
maintenance, training and other support functions; many feedback loops are 
involved in the process and they will be concerned with the management of this 
process including all the upgrades and changes on components and function 
necessitated by the changing customer environment, through to the disposal of 
the product. 
The significance of this shift is better illustrated with a simple example. In the old 
paradigm, there might be a small profit associated with the delivery of a product 
with a significant profit margin on all spares and maintenance services provided -
the automotive retail market is a good example of this. Under the PSS paradigm, 
this changes; all maintenance activities by the capability supplier are now a cost, 
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damaging the company's bottom line. Consequently, there is a premium on the 
quality of the initial design of the capability; given that the capability is expected to 
last 30 years, for example, it is essential that the supplier is extremely effective in 
knowledge management and DM. 
This shift is at different stages in different industries (and indeed within industry 
sectors). For example, aerospace and automotive companies are already well along 
the 'shift' with initiatives such as leasing engines by the flight hour rather than 
selling them outright, or cars which are now sold from the showroom with 
warranty and after-care packages. Contracts in aerospace, however, are only just 
starting to be developed and bid for along these new lines. The situation in the 
construction industry is much more transitional, with some initiatives, such as PFI 
(private finance initiative, which provides infrastructure along with operational 
services), however, the overall position and way forward is not clear. There is still a 
substantial amount of build and pass on. 
The Pss is heavily linked to the process of delivering sustained capability (Brady et 
aI., 2005, Oliva and Kallenberg, 2003), indeed some may consider them congruent. 
Such a change has many implications for any organisation in both the internal 
organisation of companies and in the process and procedures they employ, but 
particularly in the area of knowledge and information management, as explained 
below. 
Managing knowledge along a much longer engineering lifecycle (ElC) presents its 
own difficulties, however, the problems will get steadily worse as systems move 
from stand alone status to being components of systems of systems (50S), with all 
the trials and tribulations associated with this shift. As the number of interactions 
increase within a 50S, so the number of nodes knowledge needs to be distributed 
between increases and the issues for knowledge management become that much 
more difficult. Whilst it is true that technology and technical infrastructures play an 
important role within the whole area of knowledge and information management, 
acquiring and applying knowledge and information for the purposes of making 
complex decisions is still, essentially, a human and organisation issue. 
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Following the PSS, decisions will also have to take into account the extended He. 
Implications of this include a shift in content, timing requirements and outcome 
implications for the decisions taken, along with a shift in risk ownership or 
responsibility for consequences. A wider span of knowledge and experience will be 
needed and it will be harder to determine what information is needed or available 
to be trusted when making decisions. There is a change in the balance of company 
power; no longer is engineering design dominant. The customer-facing aspects of 
marketing, sales and service take a more dominant role and have more DM 
responsibility. This reflects a business decision; if you move from product to 
service, where do you make your money? In the selling price, the after-sales 
service or both? It is this decision that moves the balance of power. 
1.2.4 Who else is looking at these issues? 
All the members of the KIM grand challenge are looking at issues obviously 
connected to this research and the overlaps between the WPs are outlined in 
figure 1.3. 
WPl 
KlwwleJge 
rejll'C\'clJ!tl i inns 
and to(1f$et.~ 
WP4 
imdlcct/Ja/ illte?;l'ari<m ~f the 
reseafch 
\VP3 
) 
'\lil1w~illg Ihe 
knmrfcdge s.~~~Ji?m 
lilt,!'!".:.:!/! • 
elH'mmmellf fbr U'P I 
((lid Wf'2 
Figure 1. 3 OVerlaps within the KIM project 
WP2 
Orgam:wtiol/a/ 
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There are also other groups who have investigated similar areas: 
• KIN (Knowledge Innovation Network) is a cross-sector collaboration of industry 
and public sector organisations, facilitated by Warwick Business School, aimed 
at improving Knowledge Management (KM) in organisations. More information 
is available is available on the website, www.ki-network.org. 
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• The Knowledge Management Research Group (KMRG) at Loughborough 
University has research students investigating various aspects of DM, the 
capture of information for and from decisions and the implications for KM. 
• The NECTISE (Networked Enabled Capability Through Innovative Systems 
Engineering) project, jointly sponsored by BAE Systems and EPSRC, investigated 
the systems engineering (SE) aspects of the PSS in relation to the defence 
industrial domain in response to the UK Defence Industrial Strategy (MOD, 
2005). Necessarily, it has concerned itself with many of the aspects addressed 
in the KIM project. 
However, none of these research groups or projects look specifically at the 
configuration of DMS within organisations to support better DM for the transition 
involved within the PSS. 
1.3 Aims and objectives 
The aim of this work was to provide a tool to aid organisations in the appropriate 
configuration of DMS to support the delivery and servicing of complex long-life 
systems which must function with a high degree of uncertainty in the system 
operating space. This is encapsulated in the prototype tool that has been produced 
as a result of the research, ToADS (Tool for the Assessment of Decision-making 
Systems). To achieve this aim, the work consisted of a number of objectives: 
• Develop an understanding of DM practices and processes within industry 
• Understand the issues/ conflicts/ gaps within practice and process 
• Investigation of the state of the art in DM research, to determine what is 
available to address the issues identified and determine where this research 
fits 
• Create a framework and process for analysis and assessment of DMS 
• Evaluation of the framework and process using expert and user based methods 
(completed based on support from literature and applied in practice) 
• Develop a prototype tool to outline a process for use of the framework and 
support process 
• Necessary refinement offramework and tool. 
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Figure 1.4 shows an outline of the research carried out as part of this Ph. D., along 
with an indication of some of the data collection techniques used. A qualitative 
research method was applied with a multi-method approach (similar to 
Sondergaard et al. (2007), and with advantages described in Robson (1993)), 
including semi-structured interviews, questionnaires, focus groups, observations 
and detailed archival assessment. 
Testing 
-------"""J 
Figure 1.4 Research Method overview 
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These methods and how they were applied are discussed in more detail in chapters 
4 and 6. Figure 1.5 shows the process of application of the methods, adapted from 
Stanton et al. (200s), for these methods. ToADS was developed based on these 
investigations and the research took an evaluative approach (Sanders and 
McCormick, 1992). 
Figure 1. 5 Method application 
1.4.1 Selection and sampling 
Sampling was discriminate, with cases selected where an organisation was 
experiencing the PSS and was also experiencing an issue with which this research 
could assist. As implied by figure 1.4, sequential, in-depth case studies were 
- 12 -
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undertaken and hence the sample was small, bounded initially to one industry (not 
including pilot or validation studies) and limited to firms already experiencing the 
transition into a service philosophy. Although variety was sought during validation, 
further research will be necessary to assess the experience and challenges of 
companies at different stages in different industry sectors. 
Within the studies, the participants were initially identified by the primary point of 
contact within the organisation and, where necessary, followed a 'snowball' 
selection method (Sondergaard et aI., 2007), allowing participants to recommend 
others they felt could bring useful input to the process. The PSS extends the 
normallifecycle to include pre·bid and post·implementation activities. Cases were 
selected to focus on these extremes. 
A total of 29 people were interviewed from across the world. All face·to·face and 
telephone interviews involved at least two researchers and one of more 
interviewees. Face·to·face and telephone interviews lasted between one and four 
hours. The case studies aimed to be descriptive - to improve the understanding of 
the problem - and to generate new theory by building on case study evidence. 
Case studies also provided ongoing, fast feedback to the people and organisations 
involved to aid resolution of the issues being experienced. 
1.4.2 Limitations 
It was recognised in this research that it is not always possible to apply the full 
rigour of research methodologies within the time and resources made available. 
Oppenheim (1992) notes that 'quick and dirty' methods can be successful as long 
as the basics are remembered and maintained. 
Some methods that may have proven useful, such as extended observation 
(Stanton et aI., 2005) and diary studies (Oppenheim, 1992), were not deemed 
practical due to time, location and access restrictions. With the timescales involved 
(possibly over 20 years), observation of a full project certainly would not have been 
feasible. These restrictions, along with the exploratory nature of the research, 
meant that there was not enough data for a comprehensive statistical analysiS to 
take place (hence the qualitative approach). Since this is an exploratory study, a 
qualitative approach was judged to be both right and necessary. 
·13· 
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The information in this thesis is presented in concurrence with the tool 
development, which was the central backbone for this research. 
Following the introduction (chapter 1) the problem is outlined (chapter 2) and the 
current state of associated research is identified through a literature review 
(chapter 3). The tool development is then discussed in detail. 
This begins with an outline of initial development and pilot studies (chapter 4) and 
the onward development of the tool as a result of this work (chapter 5). A 
discussion of the more detailed industry based case studies is presented (chapter 
6) along with how these studies influenced the refinement of ToADS (chapter 7) 
precedes the description of a process for the envisaged tool and the validation 
carried out (chapter 8). 
A discussion of ToADS and the research as a whole (chapter 9), a summary of the 
current status of the research, identification of potential connected or follow on 
lines of work (chapter 10) conclude this work. 
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This chapter follows the overview of the problem, presented in section 1.1. It is 
split into six main parts. The first, section 2.1, explains the problem to be 
addressed in some detail, followed by an explanatory scenario in section 2.2. 
Sections 2.3 and 2,4 present the industrial and research contexts respectively. 
Section 1.5 introduces decision-making systems (DMS), outlining the rationale for 
their position as the key focus for this research. Finally, section 2.6 discusses the 
tool developed as a result of this research, proposing how such a tool will tackle 
the problem presented. 
2.1 The problem 
The key to this Ph.D. is to develop an understanding of the involvement of 
decision-making (DM) and DMS within organisational problems and the 
development of a process to address this issue. Poor DM is often a symptom of 
underlying organisational issues. This is the reason for taking a wider view of DMS 
within the organisation. 
Within organisations, people going about their daily routine, following procedures 
to the best of their ability can still cause (or be involved when) bad things happen: 
• Can these bad things be categorised? 
• What contributions do decisions make to these situations? 
Accidents, incidents or things not quite going to plan are often linked to bad 
decisions. However, the quality of decisions can only be truly measured after the 
fact. Accidents can be the output of a series of decisions that seemed good at the 
time they are made (Dekker, 2002). 
Accidents often happen as result of people simply performing their normal duties, 
but the tendency to blame human error is well known (Stanton and Baber, 1996). 
The decisions made are often seen as a source of this error. As people carry out 
their tasks, their DM is affected by a number of things. There will be external 
environmental and commercial pressures, but there are also internal effects and 
pressures, which may be accentuated by the product to service shift (PSS) (see 
section 1.2.3). 
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Every decision made has a cause and effect on the organisational system and in 
many circumstances, the chain of decisions made may produce latent conditions 
that risk producing critical failings within the organisation. The Standish Report 
(Anon, 1995), for example, reports that 31.1% of all software projects that are 
started will be cancelled and that 52.7% of projects cost an average of 189% of the 
original estimates. 
Much of the work that takes place within organisations from any sector is based on 
series of decisions. For this reason it was deemed necessary to investigate the 
circumstances in which decisions are made. 
2.2 Scenario 
A scenario has been developed to help explain the use of ToADS (Tool for the 
Assessment of Decision-making Systems) (chapter 7), it is used here to illustrate 
the types of problems under consideration. 
AeroCorp is an aerospace engineering organisation, which, for a number of 
reasons, is moving from a product delivery model of work to a capability provision 
model of work. Such a move to capability provision is the output of the PSS. During 
a normal period of work, something goes wrong. An incident is reported and an 
investigation is required. Technical issues are identified and recorded. 
It is evident that a number of decisions preceded the incident. AeroCorp, as an 
organisation, has a clear plan of how to rectify the technical issues, but is unclear 
as to how to aid DM in the future in order to reduce the risk of a similar event 
occurring in the future. 
The aim is to help learn lessons for the future. 
"Good counsel failing men may give, for why, 
He that's aground knows where the shoal doth lie." 
Benjamin Franklin (1706-1790) 
Poor Richard's Almanac, 1758 
2.3 Industrial context 
The KIM project (section 1.2.1) drove research into the industrial effects ofthe PSS. 
This shift seems to be coupled to an exponential growth in the complexity of long-
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life systems in many industries. Indeed, the organisations developing such systems 
are likely to be no less complex. 
It may be that a significant change is necessary in the knowledge and processes 
that are used to aid design, integration operation and evolution of systems that: 
• Are not fully understood by all stakeholders 
• Exhibit behaviour which may not be fully predictable 
• Operate in a dynamic, sometime volatile environment, which cannot be 
controlled. 
Complexity (outlined further in section 3.5) is an inherent feature of these systems 
and is characterised by: 
• A large number of strongly interacting individual components of the system, 
and evolving interaction between the system and its environment. 
• The requirement for the system to adapt to change in a way that does not have 
adverse effects on the system's usefulness, nor its ability to operate within a 
defined envelope of appropriate measurable parameters. 
Individual organisations (or business units and departments within large 
organisation) will often have in-depth expertise and knowledge about the 
characteristics and behaviour of individual system components, but will tend to 
lack a 'big picture' view of the connections, interactions and dependencies among 
components. The response of the complex system in such a situation cannot be 
adequately planned, understood or anticipated (discussed throughout Richardson, 
20D5a). Decisions made on such a system will not be fully understood and 
implications neglected. Understanding these issues is an incremental process and 
developing tools and approaches to aid DM to ensure the integration of 
hierarchies of components, sub-systems etc. and which will at least allow the 
properties of a complex SoS (System of Systems) to be bounded, would be a 
valuable first step. 
The implications of a shift to 'through-life' service are not insignificant, not simply 
due to an extension to the traditional supply chain to cover service/ support 
providers, but also because of the extended timescales and responsibilities to be 
considered. 
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In· effect, many of the harder decisions about the future, typically taken by the 
customer of the end system or product are delegated to the provider of the new 
capability who, following Ashby's law (Ash by, 1956, 1962), must create and 
maintain a much more complex organisational structure to assess the issues 
arising. Immediate considerations that arise are: 
• Provision of the capability and its upgrades on time 
• Maintaining the availability of the capability after delivery for its lifetime 
• The provision of a problem resolution capability to support the first two points 
by addressing unexpected happenings affecting the capability. 
With a changing focus from the product at the point of handover to the provision 
of service and capability over the longer term, the current trend of capability-
focused projects provides new challenges for DM. Different people now have 
different decisions to make with different timescales in a client oriented rather 
than product oriented approach. New risks need to be taken into account when 
making decisions. People making decisions may be out of their traditional comfort 
zone as capability or product-service projects involve a wider variety of topics and 
disciplines. Tackling various issues related to time, such as increased risk and 
complexity, is a predominant concern. 
2.3.1 Product development challenges 
Traditional engineering processes, tools and methods are considered to be 
effective at managing 'product' development. However, there is a change in the 
nature of the products being developed, such as continuous evolution of 
technologies supporting even more integration and interoperability, more 
functionality, improved reliability and adaptability. This, coupled with the new 
demands placed on industry to develop logistic and operational support strategies 
as part of their products creates even more complex systems which require new 
strategies for information and knowledge management (KM) and DMS. Within the 
new service oriented development programmes, companies do not often have the 
lUXUry of rigidity within their requirements definition due to changing and evolving 
capability needs. This requirement definition evolves over a typically lengthy and 
costly development Iifecycle, changing, evolving and adapting to new customer 
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needs. As a consequence of the increased cost, product or system life is expected 
to increase. In some cases, system life is so long they are referred to as 'immortal 
systems' (Le. they are in existence beyond individual people's lifetimes). These 
products rarely remain the same product through their development and 
operational life; subject to upgrades, additions, modifications or integration with 
other products. The longer timescales for development also mean customer 
scenarios and capability needs are more likely to change, and industry is under 
pressure to incorporate and accommodate these new demands into their 
development and support programmes as they progress. 
2.3.2 Management of service based projects 
There is a greater emphasis on the need for management of service based 
projects, especially with regards to DMS and DSS (Decision Support Systems), since 
the potential risks arising as a result of decisions made earlier in a lifecycle have a 
much longer period in which they may come to fruition. 
There will also be implications for the way contracts are written, competed for and 
awarded and issues of confidentiality and trust as the PSS affects internal and 
external organisational boundaries. The typically supply chain will change and 
different classes of DM may be evident at different parts of such a supply chain. 
The nature of the relationships between organisations in this new arena will need 
to be understood. 
The company/ partnership providing the system now has to deal with a much more 
complicated scenario, with many more agencies and links of different times, and 
more time pressures than before. In turn, this places a premium on good 
knowledge and information (especially the former), if distributed confusion is to be 
avoided. There is also a further problem: that of the longevity of the systems 
delivered and serviced. If these are in effect 'immortal' (as outlined earlier), then 
there is the critical issue of transference of the system's knowledge and experience 
to the incoming personnel, at all levels throughout the system lifecycle. Decision 
rationale and associated information is a key part of this, that is, what decisions 
have been made, why and what has been done. It should be noted that because of 
the normal personnel attrition to be expected in companies, there wil be a 
- 19 -
Ella-Mae Hubbard Supporting the 
Configuration of OMS 
constant turn over of people and new generations of personnel operating in the 
providing company or partnership. The people that design and plan a project will 
almost certainly not be there for the whole project lifecycle, through to 
decommission. 
Finally, it seems endemic in this market-oriented world that the mantra 'Faster, 
Better, Cheaper' will automatically be adapted. While this may provide significant 
market advantage, it carries the risk that process improvement and engineering 
improvement move from a philosophy of 'prove this change is safe' to one of 
'prove this change is not safe', which NASA exemplified with its Challenger and 
Columbia disasters (Anon, 1986, CAIB, 2003, Vaughan, 1990). Clearly, good process 
operated by knowledgeable people working under good leadership will become 
essential for the health and safety of the end users and customers of the delivered 
system. 
Poor OM performance may arise where decision makers have limited ability to 
perform their job because they do not know the proper OM methods and 
information exchange. They may also have limited ability to make correct decisions 
due to conflicts between loyalties to individual, unit and organisation. Finally, their 
performance may be hindered by the non-availability of knowledge and 
information at the time it is required, for whatever reason. 
Improving OMS is complex due to, for example, the iterative nature of the design 
process; pre-emption that occurs as designers interrupt one task to work on 
another; difficulties in identifying sources of knowledge within a project and its 
forms; difficulty in defining scope of design task; difficulty in assessing preference. 
If the research is going to progress towards improving OM from a systems point of 
view, to look at improving OMS, it means understanding both the nature of 
information (e.g. stakeholder preference, choice, risk and uncertainties) and also 
the flow of information (i.e. roles - identify people participating in the process; 
responsibilities - identify task each person performs; routes - connecting tasks and 
people via information flow). 
- 20-
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"We only have to look back at the history of the automobile, the 
airplane or the radio to see how different is the understanding required 
to introduce and develop a new piece of technology from the 
understanding needed to assess its economic and social implications, 
to anticipate them and to deal with them." (Simon, 1997) 
As noted in section 1.2, this research has taken place as part of an EPSRC 
(Engineering and Physical Sciences Research Council) funded project, looking 
overall at the knowledge and information management issues associated with the 
PSS. Within this research project context, this thesis looks at the implications of 
considering OMS. However, it is necessary to place this in the context of wider OM 
research and considerations. 
One of the starting points for the KIM project is that communities rather than 
individuals are the primary bearers of knowledge, given that knowledge is 
increasingly viewed as social in nature (see section 3.6.1, Communities of Practice). 
Figure 2.1, developed by the task 3.3 sub team at Loughborough University during 
the initial stages of the KIM project (Molloy et aI., 2007b) shows three levels of the 
system required to address knowledge. Information management issues 
represented in figure 2.1 are outlined below: 
• Capability (or product) system level: 
o Covers the HC (engineering life cycle) of any system. Problems can and 
will occur at any point in the lifecycle, which may be complex, 
complicated or simple problems. 
• Entrainment (or enterprise) system level: 
o This is a collection of agents (mainly, but not exclusively people), 
process, technology, structures etc. that together will address the 
problems at the product/ system level. The faces represent groupings of 
enterprise agents with a responsibility for one or more of the problems 
at the product/ system level. These are denoted by lines linked the 
faces to the problem symbols. 
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o The agents may be in a hierarchy, or federation, or a CoP (Community 
of Practice). 
o It could be that agents on this level could only communicate if there is 
an overlap of knowledge, however, another agent could mediate if they 
had an overlap of knowledge with two other knowledge areas. 
• Knowledge system level: 
o Comprises all the knowledge and information necessary to make 
decisions about the product system. Necessarily, it includes knowledge 
about processes, engineering resources, etc. Lines joining the faces to 
the knowledge 'blobs' (which usually, but not necessarily, overlap) show 
the knowledge that each group of agents have available to address the 
area of the problem for which they are responsible. 
• Generic DMS: 
o The generic DMS is the basic template of subsystems available to be 
configured into a particular DMS as required to address particular 
problems in the product/ system lifecycle. 
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Even a simple organisational decision will have many factors related to it such as 
why the decision was made initially, what constraints were in force at the time of 
the decision and what the potential effects of the decisions are. The decision will 
also affect the direction the organisation takes in the future and, as a result, will 
further constrain future decisions. The nature of the decision will also affect what 
risks and hazards the organisation will be exposed to in the future and, as such, 
analysis of the decisions can be used to identify areas where the organisation is at 
risk of future failures. Some decisions can be described as 'key' decisions in that 
they commit resources to the system or project. 
DM is a complex area of research and there are many classifications regarding the 
types of decisions that can be made during the life cycle of a particular 
organisation or project. The DM process used depends on the context of the 
decision in question. Within the literature, while there is a wealth of information 
about decisions and DM, there is less on sequential DM or interconnected 
decisions. Lots of theories of DM and models to represent DM are presented. DM 
often involves considerably more muddling through rather than precise evaluation 
of crisply defined options that have clearly delineated features. 
A descriptive approach to DM is concerned with people making the decisions and 
which decisions they actually make, as opposed to the decisions they should make. 
The environment in which organisations operate is constantly changing and often 
unpredictable (the current financial climate around the world is a current and real 
reminder of this). This can mean that even potentially simple decisions are made 
more difficult by the dynamically changing variables. A description of dynamic DM 
(Edwards, 1962, cited by Brehmer, 1992) defines it as: 
• A series of decisions required to reach the goal. To achieve and maintain 
control is a continuous activity requiring many decisions, each of which can 
only be understood in the context of other decisions. 
• The decisions are not independent. That is, later decisions are constrained by 
earlier decisions and, in turn, constrain those that come after them. 
• The state of the decision problem changes, both autonomously and as a 
consequence of the decision makers' actions. 
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It can be said that dynamic OM is based on the premise that the decisions are 
instrumental in the overall goal being achieved. The goal of making a decision is to 
achieve control of a system, thus decisions are made with a view to achieve a 
desired state of affairs, or to keep a system in a particular desired state (Brehmer, 
1992). Where OM is considered within this research, it typically fits with this view 
of dynamic OM. 
Decisions form a sequence in time, created by a network of agents in an uncertain 
environment. Support for OM thus needs to focus on making decision makers 
aware of the likelihood of emergent behaviour of the systems, and helping them to 
make resilient decisions in the face of unwanted but likely events. 
There are different types of decisions that are typically made, such as design 
decisions, management decisions and change decisions. Another method of 
categorising decisions is suggested by simon (1997), that of programmed decisions 
vs. non-programmed decisions. This suggests that decisions are approached 
differently depending on whether they have been encountered before 
(programmed decisions) or whether the decision is "novel, unstructured and 
unusually consequential" (non-programmed, simon, 1997). 
The approach to this research is from the systems engineering (SE) discipline (Hall, 
1962, stevens et aI., 1998). There is not much point in trying to develop OMS 
unless one has an inkling of the overall 50S into which the OMs will fit. This is true 
both for the systems being researched and also the fit of this work within the 
overall KIM project. It is important to understand how the smaller section fits into 
the overall whole If it is to be effective. 
It is important (if not imperative) to success to have a global, integrated view of 
the project - but this is notoriously difficult to achieve, especially if not in place at 
an early stage. One person or group's point of view is not enough. Mental models 
vary and it is probable that different observers will have different views of the 
same system, whether inside or outside the system "".so different that it may 
appear impossible to recognise them as aspects of the same thing." (Gershenson 
and Heylighen, 2005), 
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Any system is more than the sum of its parts, that is, it will have holistic properties 
not manifested by any of the individual parts. There will be emergent properties 
(see section 3.5.3)' which may transpire and mayor may not be wanted. This is 
especially poignant with the focus on long term requirements of the maintenance 
of the system. 
2.5 Decision-making systems 
The problem statement outlined earlier in this chapter (sections 2.1 and 2.2) and 
the industrial context (section 2.3) leads to a focus on DMS. For the purpose of this 
thesis, DMS are composed of the following: 
• Agents - OM agents, software or human based, who are involved in 
decisions. 
• Activities - DM activities, which enable decisions to be made and will include 
information gathering for example, along with any choice activity (see section 
3.4 and figure 3.2). 
• Infrastructure and technology - involved in the support of the DM process, 
which enables OM and may, for example, include computer based support. 
• Knowledge and information - which is essential to making decisions. DM 
requires information, generates information and determines who gets what 
information. It is the distribution of this knowledge and information across the 
organisation (the 'knowledge configuration') that will determine the quality of 
the OM process and ofthe decisions made 
The knowledge and information flows through the infrastructure and technology, 
around the DM activities, to the agents to enable decisions to be made. This is the 
function of a DMS. 
Organisations can be considered as OMS, "".the pattern of communication and 
relations among a group of human beings, including the process for making and 
implementing decisions." (Simon, 1997). Of course, different organisations and 
projects have different patterns. 
OMS will of course be affected by time (time available in which to make the 
decision, time by when the decision must be made, time when the output or effect 
of the decision is realised, and the duration of the decision) and the style or 
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process of DM. Temporal considerations lead to the realisation that changes will 
be made after the overall system and supporting organisational structure are 
brought into service, whether through repair, upgrade or change of focus. This will 
be part of the entire life-cycle considerations (concept to decommission). 
The DMS must cope with: 
• The containment of undesirable emergent behaviour in the delivered system 
• Reduced timescales with controlled costs within the delivery system 
• On-going customer requirement for improved flexibility, interoperability and 
supportability of the system through its lifecycle. 
2.6 The proposed solution 
The aim of this work is two-fold. Firstly, to develop a detailed understanding of the 
impact of the PSS in its current state on DMS within industry. Following on from 
that, a solution is proposed which provides a process to address the problem 
detailed. A number of elements of a tool have been developed and used (along 
with some established tools) to augment this process to be used within an overall 
DMS. 
The key components of the proposed tool, ToADS, are the decision-making 
systems framework (DMF) and the instances (or incidents) database. The 
components of ToADS and the process for use is detailed further in chapters 7 and 
8). It was developed alongside the empirical work included within this research. 
The intended output of the proposed solution is not the 'right' answer, which is 
improbable, if not impossible to predict when dealing with such extended and 
complex systems. Its purpose is to inform organisations about the characteristics 
of their DMS and, if necessary, to equip them to be resilient enough to deal with 
the unexpected situations they will experience. It is hoped that the process will be 
able to be utilised alongside lessons learned processes and risk management 
practices, both to analyse past inCidents and also to aid configuration and dynamic 
reconfiguration of DMS in continuing and new processes. 
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This chapter has outlined the identified problem for which ToADS isa proposed 
solution (or tool to be used on the path to solution). 
Organisations are attempting to design: 
• Products or integrate products and service to meet customer/ client demands 
• Products and associated services to optimise through life costs 
• Manufacturing/ construction and service processes to meet demand profitably. 
The decisions organisations have to make will have a large impact on this and it is 
important to understand the DMS responsible for decisions in order to better 
support the ongoing process and enable the organisation's decision makers. 
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This chapter outlines current research literature for the main areas of focus for this 
research. The topics are identified from the context and problem statement (see 
chapters 1 and 2) and are outlined in figure 3.1, below. 
"including decision-making, decision makers, decision support 
systems, decision making systems 
Figure 3. 1 Literature review coverage 
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The central topic for this research is the process context within which decision-
making (DM) occurs (decisions, support etc.). with respect to the product to 
service shift (PSS) and extended lifecycle projects. With this as the hub for this 
review, attention also turns to the PSS, complexity, information and knowledge 
management (KM) and organisations and enterprise management. The aim of this 
chapter is to provide a critique of recent information on current academic research 
in order to identify gaps in the research or elements that can be used and 
integrated into the work produced in the thesis. Summarising topics such as DM 
runs the risk of trivialising large bodies of research and knowledge, however, it is 
anticipated that this review will demonstrate the need for more coherent 
understanding in this particular area. 
The chapter is split into three main sections. Section 3.2 revisits the problem 
context, introduced in chapter 2. This is followed by the review itself, split into 
relevant topics (sections 3.3-3.7) and, finally, a summary in section 3.8. 
3.2 Problem context - the challenge for managing projects 
The world is a complex place. It always has been. It is in fact suggested 
" ... complexity is really just reality without the simplifying assumptions that we 
make in order to understand it." (Alien et aI., 2005). The world is not getting more 
complex; rather our ability to understand it is improving. As understanding 
increases, it becomes more obvious how much there still is to learn. 
With new challenges, such as that addressed by the KIM Grand Challenge (see 
section 1.2.1), facing UK bUSinesses, it is important these businesses evolve in the 
way they react. The old tools and techniques (such as hierarchical organisation 
charts or linear processes) are limited in some areas and are no longer as useful as 
they once were in addressing the key performance variables of quality, cost and 
delivery; in other words, the easy gains have been made and new understanding 
and approaches are needed to continue the improvement process. 
It follows that new project management tools are needed. Some have tried to 
identify the problem and make suggestions for approaches that might help (e.g. 
Baccarini, 1996, Koskela and Howell, 2002a, 2002b, Meyer et aI., 2002, Williams, 
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1999) and have presented the view that project management selection will depend 
on individual contexts (Buchanan, 1991, Meyer et aI., 2002). 
Meyer et a/. (2002) provide a useful categorisation of projects: 
• Variation - " ... the project plan is detailed and stable ... " there may be minor 
variations, but these can largely be anticipated and addresses in planning. 
Classic project management tools (such as Gantt charts) and techniques are 
appropriate. 
• Foreseen uncertainty - " .. .identifiable and understood influences that the 
team cannot be sure will occur." The events that may happen can often be 
predicted, but their timing and effect cannot. Extended risk management will 
be needed (amongst other things) to allow for reactive action to be taken. 
• Unforeseen uncertainty - unforeseen events obviously cannot be predicted 
during project planning. Such a project requires heads up project management, 
as described in the above references. Issues of trust are key. 
• Chaos - "Whereas projects subject to unforeseen uncertainty start out 
with reasonably stable assumptions and goals, projects subject to chaos are 
not. Even the basic structure of the project plan is uncertain ... " Planning must 
be incremental and short term (long term planning is inappropriate, with a 
strategic direction more useful). KM is crucial. This is often found in projects 
where research is the key aim rather than development. Extreme flexibility is 
key. It is especially in these projects that people making decisions will not have 
a detailed understanding of the overall process of the implications (Rycroft and 
Kash, 1999). However, the Darkness Principle (Reynolds, 2002, Siemieniuch and 
Sinciair, 2006b) - that even though a system is never completely known, it can 
be managed effectively - suggests that it is not a lost cause. 
This categorisation leads to identification of different project management styles 
needed in different projects, such as 'lean' or 'agile' techniques, and the fact that 
classic methods should not be replaced, but rather augmented to deal with 
projects which exhibit complexity, uncertainty or extreme time limitation 
(Williams, 1999) with such new approaches as last Planner and Scrum (Koskela and 
Howell, 2002b). The key point to be taken from these papers is that unless an 
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appropriate project management style is adopted for the given project, then 
regardless of the initial classification of the project, additional complexity will be 
induced (see section 3.5 on complexity). Following on from this is the risk of 
accidents. They are the most severe form of output from a poorly managed 
project. Understanding and learning from these accidents is important (Dorner, 
1996, Reason, 1997). There are often commonalities in the lead up to these 
accidents (Leveson, 2004a, 2004b) and it is likely new accident models will be 
needed to cope with these new situations (Dekker, 2005). 
There are some other factors which should be included for completeness, although 
detailed research into such areas falls largely outside the remit of this Ph.D. These 
factors include system agility, resilience, reliability and robustness - all necessary 
to deal with the increasing complexity facing organisations (Molloy et aI., 2009b). If 
reliability of delivery of service is sought, then there is an associated requirement 
for the delivery organisation to be able to absorb the effects of complexity such 
that delivery is as promised, continuously. 
Resilience places a premium on knowledge, skills and organisation. It is the 
province of humans rather than software, especially when the occurrence and 
effects of complexity are unknown beforehand or insufficiently explored; the 
'unknown unknowns' problem (Meyer et aI., 2002). 
Such a context highlights a number of topics with regards to providing appropriate 
decision support, as outlined in chapter 2 and section 3.1. These topics form the 
basis for the following literature review: 
• The product service shift 
• Decision-making 
• Complexity 
• Organisational and enterprise modelling 
• Information and knowledge management. 
3.3 The product to service shift 
The PSS is a challenge, whereby organisations have moved from producing a 
product to the provision of through-life service support for the products within 
systems and systems of systems (50S) (Oliva and Kallenberg, 2003), for example, 
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the provision of 'integrated solutions' (Brady et aI., 2005). This often manifests 
itself in so called service-level agreements, whereby companies guarantee to 
customers that a given capability will be available at least to the agreed level at all 
times. An example may clarify this point. The classic example for PSS (as used in 
Sondergaard et aI., 2007) is 'power by the hour'. Traditionally, aircraft engine 
manufacturers simply produced and delivered engines to be purchased by 
customers for operation. At this handover, the involvement ofthe supplier ceased. 
When the engine was in use, the operators could choose to return to the 
manufacturer to provide service and repair, or they could select a different 
company. This was their choice when maintenance was required. Strategically, this 
was not the most lucrative or advantageous for the manufacturers. Many suppliers 
of this ilk are now offering a service involving the provision of 'power by the hour', 
a variety of a total care agreement. The operator no longer buys the engine out-
right, but rather enters a rental type agreement, obtaining power and service, a 
capability rather than a particular product. Such a contract would offer the 
provision of a specified number of flight hours, for example. 
Many car manufacturers are also offering a similar service arrangement. An 
example is the long term car leasing agreement that goes further than traditional 
warranties, covering items such as roadside assistance and road tax for a single 
monthly payment over an arranged term. 
The advantage of these new provisions for the suppliers (service provider) is that 
they are guaranteed amounts of money over an agreed period, but the service 
costs need to come out of the revenue, calling for better understanding of 
performance over the specified time period, coupled with 'right first time' design. 
For the customer, there is less risk overall, it may be easier to manage finances 
with regularly planned payments, but the customer has a capability rather than an 
asset and the possibility of a potential loss of competence in realising and 
mobilising that capability (Azarenko and Roy et aI., 2008). 
Such a shift is now becoming prevalent in other industries, such as construction. 
This was one of the drivers for commissioning the KIM Grand Challenge. From a 
systems engineering (SE) point of view, the amalgamation of product and service 
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to capability provision or integrated solution, provides unique attributes, which 
could not be achieved, from the individual constituents in isolation (Brady et aI., 
2005). Such benefits will be for both the customer in the consistency of support 
and reduction of risk (the support is always there as an integral part of the contract 
and the risk now sits with the supplier rather than the customer) and also for the 
supplier in terms of feedback and learning from use (closer work with the 
customer means closer interaction with the product or system through all the 
phases of its lifecycle). 
It can be argued that the implications of a shift to through-life service are not 
insignificant, and cannot simply be attributed to an extension to the traditional 
supply chain to cover service/ support provides; it is in fact a "major managerial 
challenge" (Oliva and Kallenberg, 2003) in which many more issues must be 
considered by the provider of a capability service. 
The increase in effort, coordination and control is significant; if companies do not 
rise to meet this challenge, the effects can be long lasting. The PSS will also 
substantially alter the supply chain relationships (Brady et aI., 2005, Johnstone et 
al.,2008). 
The PSS has implicitly longer time scales. Over time, people and teams will change. 
Priorities will alter and enthusiasm and motivation will wane. Culture, standards 
and learning need to be maintained through out to prevent a 'drift to disaster' 
(Rasmussen, 1997). Kletz (1993) suggests the way to do this is through improving 
corporate memory. 
3.4 Decision-making 
DM is affected by a number of things. There will be external environmental and 
commercial pressures, but there are also internal effects and pressures. Many of 
these, such as established processes, organisational structures, and incentivisation 
policies are typically determined by the company's overall strategy (for example, 
having to work 'faster, better, cheaper' than competitors). Furthermore, it is 
important that strategy is developed and implemented in an arena of good 
governance, otherwise the endeavour to make good decisions will be academic 
and detrimental emergent behaviour will be a near certainty (Galbraith, 2002). 
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Many decisions are made by everyone on a daily basis. They will all be of different 
types and require different approaches. One of the key components of project 
management is the people involved and one of the main ways in which they make 
an impact is through the decisions they make. In fact, through the decisions made, 
people can be seen to be complexity absorbers (Nendick et aI., 2006), that is, 
people can often cope with a higher level of complexity that that for which a 
technological system can be designed. This view is supported by Wickens (2004) 
who notes that as long as people have access to the appropriate resources and are 
suitably motivated, they can adapt to any situation. This is also supported, perhaps 
more technically, by Ashby's Law of Requisite Variety (Ash by, 1956, 1962) (that the 
available control variety must be equal to or greater than the disturbance variety 
for control to be possible). If adequate resources are not available, there is a risk of 
poor decisions being made. 
DM and support processes may focus on generation of possibilities, optimal 
selection or a combination of the two. It is a very broad topic, with much 
information available, both generic and very specific. Some of the key themes are 
introduced in the following sections. The cognitive processes involved in DM are 
recognised as being critical, but research scoping considerations placed them 
outside the boundary of this literature review. 
DM can broadly be defined as the procedure of identification of alternatives and 
the subsequent selection between those alternatives. Simon (1997) notes that DM 
studies too often focus on the final moment when the decision is actually made, 
ignoring "the whole lengthy, complex process of alerting, exploring and analysing 
that precede that final moment, and the process of evaluating that succeeds it". 
Decisions are rarely made in isolation and will interact and impact on each other, 
forming a network of decisions that will span time (and probably organisational 
boundaries). 
There are two main approaches to describe DM in the literature; normative and 
naturalistic. There is a vast amount of literature for both these. There is, however, 
some discrepancy as to whether these are approaches to DM or decision 
modelling. Normative (linked in most texts to H.A. Simon, (for example, Simon 
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1992) and naturalistic (the origins of which are credited to Gary Klein (for example, 
Zsambok and Klein, 1997) to help describe DM under uncertainty) theories are 
described in more detail in section 3.4.5. 
The DM task can be outlined as one in which (Wickens et aI., 2004): 
• An option must be selected from a number of alternatives 
• Some information is available with respect to the option 
• The decision is not instantaneous, although central to the research is that the 
time available is also limited (a point not addressed by Wickens, 2004) 
• The optimal choice is not certain. 
Following on from this are the three main phases of the DM process: 
• Obtaining the information 
• Generating alternatives 
• Selecting choice 
These phases are not necessarily linear, but are worth consideration when looking 
at decision support systems (DSS, as these may support one or any combination of 
these phases). Simon (1997) augments this with a fourth review stage. A diagram 
adapted from this work is presented in figure 3.2. This includes the process of 
problem recognition and option generation as part of the intelligence activity. 
Simon (1997) introduces DMS (Decision-Making Systems) and notes that a whole 
organisation can be considered to be a DMS, "".the pattern of communication and 
relations among a group of human beings, including the process for making and 
implementing decisions." This identifies some components of a DMS - the agents 
and the activities. However, further coverage of DMS in the literature has not been 
identified. 
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Taken fr om Slrnon 11977) 
In the view of this research, decision support systems (DSS) form part ofthe overall 
DMS. In much of the literature (Fin lay, 1989, Silver, 1991 for example), DSS are 
considered to extend only to computer-based tools. However, th is research widens 
that definition to include any form of support or guidance, which may be computer 
based or from a more human source, such as Communities of Practice (CoP) 
(Coakes and Clarke, 2006, Wenger et aI., 2000) . 
The traditional view of DSS has some shortfalls: 
• There is an implicit assumption that all decision options, all possible inputs and 
outputs can be modelled mathematically (which is often incorrect, both from 
an ability and time based point of view). 
• They lack an integrated approach, often concentrating on specific decision 
types or circumstances; there seems to be a system level neglect, with focus 
typically being at a lower level. 
• They allow, and potentially encourage, a disconnect between technological and 
organisational mechanisms. 
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Like DM, the definitions of decision support and D5S are not universally agreed. 
Some commonalities in the definitions are that DSS are both interactive and 
computer based. The following is an appropriate definition for this research: a D55 
is "a system which, through some combination of expert knowledge, simulation 
models and data bases, can provide support to a decision maker by providing 
recommendations on certain management options, and/ or allow exploration of 
the consequences of making different decisions." (Keen and 5cott Morton, 1978, 
cited in Parker, 1999). 
D5S can be split into two approaches - either the decision maker receives help, or 
the decision maker is replaced (Wickens et aI., 2004). In practice, it is not always 
that simple. These two approaches can be used to represent two extremes on a 
continuous scale, rather than two absolutes. Deciding how much support (and 
what type the support is) may be similar to the task of allocation of functions and 
automation issues (for example Fitts' List and Sheridan's autonomy scales (Fitts, 
1951, 1962, 5heridan, 1980, 2002)). 
The support provided to the DM process by D55 makes it impossible to develop a 
DSS without a comprehensive understanding of how decisions are made (which 
could conceivably be different in different organisations). There are specific 
methods of decision support and associated applications, which do seem to reach 
at least some way beyond the computer based DSS systems, such as: 
• Decision conferencing (Phillips, 1984) 
o The purpose of decision conferences is to allow people to "arrive at a 
shared understanding of the issues, develop a sense of common 
purpose and achieve commitment to action." (Phillips, 1984) 
• Robustness analysis (Rosenhead and Mingers, 2001) 
o Robustness analysis is "a way of supporting decision making when there 
is radical uncertainty about the future" (Rosenhead and Mingers, 2001). 
In addressing this topic, Rosenhead and Mingers also introduce 
decisions themselves in an effective way. 
• Sense making (Kurtz and 5nowden, 2003) 
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o There are many definitions of sense making. Kurtz and Snowden 
approach the topic from a DM and complexity point of view. The 
following are some distinguishing characteristics of sense making 
(Weick, 1995): 
• A grounding in identity construction 
• Retrospective 
• Acting in sensible environments 
• Social 
• Ongoing 
• Focused on (and by) extracted cues 
• Driven by plausibility rather than accuracy 
It is recognised that this list is not exhaustive. 
3.4.2 Decision makers 
For the sake of this research, the decision maker is considered to be a role to be 
fulfilled. Humans as individuals or groups, or even intelligent software agents, may 
fulfil that role. Decision makers use, reuse and generate information; they govern 
information flow, operate under time, budget and resource constraints and are 
incentivised by organisational policy. Simon (1997) talks about the synonymy 
between managers and decision makers. 
One of the prevalent themes to come out of the research is to consider the 
decision makers as a network of agents, for example: 
• Discussion of agent based models in complex systems (Robertson, 2005) 
• Decentralisation and interconnectedness of networks of agents (Carroll and 
Burton, 2000) 
All such decision makers will be taken into account. 
DM in organisations is rarely done by a sole individual, as is known from 
experience and implied in most texts. One person may have the ultimate 
responsibility for the decision (or the authority to make it), but there will be a team 
involved in the process. As noted by Cook et al. (2003), literature on DM in groups 
or teams is scarce (when compared to the wealth of information available on 
individual DM), but the balance is being addressed. The texts that do exist tend to 
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focus on the effects (social, cultural etc.) on DM teams (Jackson et aI., 1995) or 
extensions from individual to group DM (Kleindorfer et aI., 1993). Group Decision 
Support Systems (GDSS) are on extension to DM in teams (Sprague and Watson, 
1993). They are beginning to find their way into organisations and are often "used 
for purposes other than supporting decision making" (Sprague and Watson, 1993) 
and hence referred to as 'group support systems'. 
The temporal issues associated with the PSS also have implications for decision 
makers. The workforce will need retraining through out their careers. "The half life 
of most worker skills is 3.5 years." (OECD, 1998) That is, every 3 Y, years, 50% of a 
worker's skills will have to be retrained and that is without the consideration of 
how long people will stay in post for. 
3.4.3 Decisions 
With the aim of improving decisions through decision support, it is necessary to be 
able to evaluate decisions. After a decision is made, it is inevitably judged. In a 
chain of events or series of decisions, focus will frequently be on the human in the 
system - the decision maker is judged. As one example, they can be seen as error 
producer (Bad Apple Theory), or as hero, depending on whether their actions 
cause disaster or prevent it (Dekker, 2002). Whilst there is a push away from the 
bad apple theory, with the suggestion that the system should be designed to 
prevent one person or one decision causing a catastrophic event, it should be 
possible to also reduce the need for heroics. One such theory, which may be of use 
in evaluating decisions and decision support, is based on pro-action vs. reaction, or 
work smarter vs. work harder (Repenning and Sterman, 2001). It is possible to 
work harder (or be a hero) for a short amount of time, but this is not realistic for 
extended periods. Often by the time this is realised, it is too late, unless the 
organisation has also been working smarter (planning better for the future). 
Evaluating decisions is one of the key problems to be addressed during decision 
modelling. The quality of a decision is often assessed with hindsight at some point 
in time after the decision is made (Dekker, 2002). It is easy at that stage to identify 
whether the decision was correct or incorrect (assuming the decision itself can be 
identified). When assessing a decision, or the way in which a decision is made, it is 
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necessary to consider the circumstances at the time the decision is made (the 
decision maker's situation awareness). This will include such things as potential 
outcomes (as viewed by the person making the decision), and perhaps most 
importantly, the information available at the time the decision is made. Decisions 
are time dependent, there is seldom the luxury to postpone the decision until all 
the information has been collected. To further help the assessment of decisions, it 
is possible to categorise them into good, bad, right and wrong. Right and wrong are 
identified with the benefit of all the facts, in hindsight, good and bad are identified 
with the facts available when the decision was made. 
It is worth noting that there is no guarantee that all alternatives have been 
identified, nor that all information has been gathered before the decision is made. 
If the 'ideal' action is not identified, it cannot be selected, and hence the optimal 
decision cannot be made. 
On a similar theme to the process of making a 'correct' deCision, the validity of a 
decision being made is also affected by the person or people making the decision 
(see also section 3.4.2 on decision makers). It is all too common for a decision to be 
made by a person or group that are less well informed on the subject, thus 
producing a situation where a decision that has been made can turn out to be 
wrong. 
The picture is not all negative, people do make good decisions most of the time 
(Wickens et aI., 2004). However, it is important to understand why poor decisions 
are made and try to further reduce the probability ofthese. 
3.4.4 Decision sequences and organisational planning 
Decisions form a sequence in time, with historical dependence, a network of 
decision makers operating according to policies in an uncertain environment. As 
organisations make decisions, they move around in this uncertain environment, 
within their operational boundary. As this occurs, organisations experience 
different pressures. Figure 3.3, Rasmussen's diagram, highlights some of these 
pressures in what is termed the 'drift to disaster' scenario (Rasmussen, 1997). In 
the middle is the 'safe operating envelope' where the organisation is fit and 
profitable. The boundaries (and pressures) to the right are competition 
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boundaries, creating slopes to the left, down which the company will tend to 
move. The left-hand boundary (and pressures) marks the region of disasters, 
preceded by the near miss region. Significant managerial effort is continually 
required to keep the organisation within the safe operating envelope. 
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Figure 3. 3 Rasmussen'. drift to disaster diagram (Rasmussen, 1997) 
Rasmussen's diagram may be reconstituted making use of the Minkowski space-
time diagram (Minkowski, 1896, Moray, 2004, Naber, 1992), adapted for the 
purpose of this research. An organisation or system will go through a number of 
'states' before reaching its current position. This can be represented in a 
Minkowski-type diagram (see figure 3.4). 
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Minkowski further suggests that, given a current state, there are a limited number 
of states which can be achieved in the future (see figure 3.5). This may be an 
interesting representation, but there are still problems with what it represents. 
Chief among these are the metrics by which to assess the current state of the 
company. The literature has several candidate sets available, for instance, the 
CMMi (Capability Maturity Model interactive) model (Ahern et aI., 2003) indicates 
many metrics which could be used; the Kaplan and Norton Balanced Scorecard 
(Kaplan and Norton, 1996) specifically aims to assess the fitness of an organisation; 
as does the Jenks set of metrics (Jenks, 2004). However, these are metrics internal 
to the company; an additional, commensurate set is required to reflect 
environmental pressures on the envelope. Secondly, the power of the Minkowski 
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approach is in its potential for prediction. Most of the measures available are lag 
measures, not lead measures. The prognosis process is not yet clear. 
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Figure 3. 5 Only certain future states will be achievable, given the current state 
Combining the ideas of Rasmussen and Minkowski may produce a diagram such as 
that in figure 3.6. A series of these representations may help to tell the story of the 
organisation over time, with a changing system operating boundary and possible 
safe operating envelope. Local pressures (and external pressures) will affect 
organisations, their operating boundaries and safe operating envelope. These 
boundaries will shift over time (Leveson, 2004b) and how the system or 
organisation reacts close to these boundaries (which will be both risky and 
lucrative) may be of interest (Woods and Hollnagel, 2006). 
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3.4.5 Decision models 
There are many topics within this section. Initial focus is upon modelling the 
decision support, rather than modelling how individual decisions are made. Work 
on case studies over the duration of the research looked at modelling the overall 
decision process and decision support. 
The KIM project defines decision support models (DSM) as facilitative devices that 
support organisational learning within a social context. One of the starting points 
forKIM is that there is little continuity between DSM developed at different stages 
for different purposes and that such models cannot be separated from the 
development of CoPs (Communities of Practice, see section 3.6.1) that span the 
project lifecycle. There is an increasingly social nature being seen in the modelling 
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process (Phillips, 1984), which is particularly relevant! consistent with the view of 
knowledge embedded in CoPs. OSM can provide an important means of managing 
knowledge flows across different stages of the project lifecycle. 
There are two broad types of decision models discussed in the literature: 
• Normative OM/ decision models: 
o Normative decision modelling (also referred to as rational OM) is rule 
based decision modelling. It is very prescriptive and often associated 
with quantitative models and analysis. 
o Often it involves logically identifying all options, weighting, evaluating 
and selecting the perceived optimal selection. It is where modelling 
started (Wickens et aI., 2004). These are the sorts of decisions a 
computer system can be designed and programmed to make (given 
sufficient data on which to work). The mathematical models may be 
deemed to be a simplified representation of a person's mental model, 
as noted by Phillips (1984), the model could be seen as a shared social 
reality. This is not a universal opinion and such models often do not 
accurately fit long life cycle, complex projects or OM in teams. A further 
difficulty in these is the assumption that all relevant variables are 
known and can be quantified. 
• Naturalistic OM/ decision models: 
o Naturalistic decision modelling (also referred to as descriptive decision 
modelling, Phillips, 1984) is based on experience and psychological 
understanding of how people naturally make decisions (e.g. on a 
hunch). It often involves recognising familiar situations (consciously and 
subconsciously) and reacting accordingly. These fit the real world 
problems more accurately. People create mental models of the 
situation as a way of testing solutions before committing to them (Craik 
and Lockhart, 1972, cited in Parker, 1999). 
Whilst quantitative models are not 100% accurate (Alien et aI., 2005), they will be 
useful to help identify and assess implications of actions, for example, the 
consequences of a decision. Hence, many models will exist for a complex system 
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(Batty and Torrens, 2001), which may require amalgamation especially if a team 
mental model or team situation awareness is required, for example, for 
assessment. Absent from the literature is extended consideration of the fact that a 
team model is not necessarily the same as a collection of individual models. The 
need for new models for the complex organisational environment is documented 
(Dekker, 2005), and is one of the key focuses of this research. 
Modelling DM is discussed in many texts (Alien et aI., 2005, Gardener et aI., 2004, 
Robertson, 2005, Vries, 2001). It is not a trivial matter and required further 
research as the project and case studies progressed. No contradiction so far has 
been found to the statement in Wickens (2004) that "the increasing complexity of 
the systems with which we interact makes decision-making and problem solving 
difficult and prone to error". It was also necessary to further investigate why 
existing decision support is inadequate and how better support could be provided 
to the decision maker in the future. 
3.5 Complexity 
What confounds the whole area under discussion is the issue of complexity, which 
along with DM and decision processes, is one of the main themes for this research. 
"Complexity is really just reality without the simplifying assumptions that we make 
in order to understand it." (Alien et aI., 2005). This encapsulates complexity well, 
however, a more usable definition for the purposes of this research is one that 
considers complexity in systems, presented by Rycroft and Kash (1999): 
"A system exhibits complexity if it is composed of many integrated 
entities of heterogeneous parts, which act in a coordinated way and 
whose behaviour is typically nonlinear." 
Issues of complexity and emergence are typically considered from two pools of 
interest. Firstly, there are those researchers concerned with the emergence of 
order from disorder. Conway's 'Game of Life' is a good example of this (Gardner, 
1970). A different approach, attuned to an organisational perspective, is to 
consider the emergence of a different order (or disorder) from an established or 
planned order. This research is positioned in this second pool of interest, since this 
is likely to be of most interest to those in the service industries. Within this latter 
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class of complexity, it is also possible to identify two sources of complexity 
(Baccarini, 1996), intrinsic and induced complexity, outlined in the following 
sections. 
As noted earlier, life has always been complex (Alien et aI., 2005). The more that 
this becomes clear, the more it is obvious that there is still much more to learn. 
The amount of emergent behaviour is on the increase as organisational systems 
become more complex. One person is no longer able to understand the whole 
system. Many systems now are considered to be 50S, that is, the overall system is 
made up of several smaller, interacting, integrated subsystems. As these 
subsystems interact, behaviour may appear that was not anticipated (emergent 
behaviour). The whole system is said to be more than the sum of its parts. 
Confusion often arises when people interchange the terms 'complicated' and 
'complex'. For the purposes of this research, these are quite straightforward 
(developed through early research and peer discussion): 
• Simple 
o A layman can understand something simple, and this understanding will 
be simple to gain. 
o Prediction of system behaviour is straightforward. 
• Complicated 
o An expert in the area can understand something complicated. The 
understanding may be harder to come by, but is possible. 
o Prediction of system behaviour is possible but considerable analytic 
effort is required. 
• Complex 
o Something complex cannot be completely understood by a single 
person, regardless of their expertise. 
o long-term prediction of system behaviour is not possible. 
It will be important to investigate the impact of increasing complexity in the 
specific context of the project. 
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Following the PSS, there will be more intrinsic complexity (Siemieniuch and 
Sine/air, 2006a) in the product breakdown structure and project management 
techniques to be applied (e.g. timing, technology changes, number and interaction 
of system components, wider system integration issues etc.). 
Intrinsic complexity is inherent in the problem being addressed: it arises largely 
from the interactions between components in a system, both intended and 
unintended. Whilst there are a number of potential solutions/ issues to consider 
which may help reduce intrinsic complexity, it must be accepted that its total 
elimination is impossible: 
• Modularity in design can enable containment of complexity. 
• System maturity, for example, state of knowledge and quality of KM 
• Architecture for core components/ system facets and rigid adherence to 
standards. 
• Clear understanding of problem context. 
• A stable project environment, in terms of budget, timescales, e/ient coherence, 
partners etc. 
This last point is perhaps the one with the biggest impact, but the most difficult to 
achieve and often the reason that change projects do not deliver as planned. 
Intrinsic complexity (see figure 3.7) is that complexity which is inherent in the 
product/ system/ capability being produced, the service being provided or the 
particular industry in which an organisation is involved. 
Due to its nature, it cannot be removed (nor completely avoided). but it can be 
recognised and managed (e.g. within an integrated product breakdown structure). 
If ignored (or not identified) it can cause serious problems. 
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Figure 3. 7 Intrinsic and induced complexity within an organisation (Siemieniuch and Sinclair, 
2006a). This shows the overlap between intrinsic and induced complexity. The former is in the 
product, the latter in the organisation. 
3.5.2 Induced complexity 
Induced complexity does not emerge from the system being designed, built or 
used, but arises from how the organisation chooses to structure itself and its 
project teams to address the problem of intrinsic complexity. Following the PSS, 
there will be more induced complexity in the work breakdown structure (fo r 
example, who should be involved in the team when, interaction across teams, 
amount of timing of datal information/ knowledge requirements etc.). 
Inducing extra complexity into the delivered capability via inappropriate project 
management (or conversely avoiding or reducing induced complexity via 
appropriate project management) is discussed widely in the literature (Meyer et 
aI., 2002, Koskela and Howell, 2002b, Williams, 2005). However, as these authors 
indicate, the style of project management is the result of organisational culture, 
role assignment and knowledge of the problem area (Sinclair, 2007) but is not the 
only source of induced complexity; the client, the legal framework and many other 
entities can create a project environment almost certain to trigger problems of 
induced complexity and eventually, as with intrinsic complexity, the emergence of 
undesirable and/ or inappropriate behaviour of the system. 
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This can be identified and addressed by use of different ELC (Engineering Life 
Cycle) processes, integrated design reviews, changes to the integrated project 
team profile and DM structures, improved KM etc. 
3.5.3 Emergent behaviour 
Emergent behaviour can be defined as follows: " ... however the system was 
designed to behave, it behaves differently, often unexpectedly, and not necessarily 
in desirable ways." (Sinciair, 2007) 
The limited information horizon (both individual and organisational) contributes to 
emergent behaviour as projects progress. Within the product service paradigm, 
there will be greater difficulty in predicting or eliminating undesirable emergent 
behaviour. Part of the solution to unwanted emergent behaviour arises by 
reconfiguring decision support to help cope with complexity and the surprises such 
emergent behaviour can bring - systems ergonomics are critical in this. 
Emergent behaviour is seen as the most significant feature discriminating complex 
systems (Boschetti et aI., 2005), but no standard definition is available in the 
literature. The research is specifically concerned with how emergent behaviour 
(positive or negative) could impact on OM in a negative way. 
It is important to distinguish between emergence of order and the emergence of 
disorder. In much of the organisational literature, when emergent behaviour is 
referred to, it is from an emergence of disorder point of view. It is assumed that 
things run smoothly and then some trigger causes disorder. At the beginning of 
this research, it was discovered that when emergence is discussed in other 
literature (physics, for example) that there is a focus on the emergence of order, to 
take an extreme example, the origin of life (portrayed in the Game of Life 
(Wolfram, 2002)). Within this research the focus is rather in the emergence of 
different behaviour than was planned (and this is where the rest of the emergent 
behaviour and complexity discussion will be focused). 
Emergent properties are those features of a system (used in a broad sense) that 
resist reductionist approaches, which cannot be anticipated or understood by a 
complete analysis at the next lower level. Emergent behaviour is a system 
behaviour that occurs, but was not expected or anticipated, during a lifecycle. Due 
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to its nature, emergent behaviour can in fact be positive or negative. When it is 
positive it can be a nice surprise, but negative emergent behaviour can have 
disastrous consequences. Understanding the system and its interactions and 
improved system integration/ interoperability approaches can help eliminate nasty 
surprises. Much emergent behaviour arises from interactions, as opposed to 
designed operations. 
Complexity and emergent behaviour are not solely negative. Complexity is 
endemic, even necessary, we should learn to deal with it, but not necessarily 
eliminate it. As Ashby's Law (Ash by, 1956, 1962) indicates, we need complexity in 
order to manage complex environments. 
The new RAF Eurofighter Typhoon airplane is a good example of desirable 
complexity. The airframe is unstable and very complex. Rather than redesigning 
and reverting to a more traditional airframe, a control system was designed to aid 
operation and deal with the complexity. The positive outputs from this are a more 
manoeuverable aircraft and reduced fuel consumption (from reduced drag). 
During design, many 'innovative' products can be linked to emergent behaviour. 
Consider Post-It'" notes, produced by 3M. When these were first produced, the 
d~signers were trying to develop a new permanent glue. When some paper 
accidentally fell into the glue, its properties as a more semi-permanent and 
reusable sticky surface became obvious and Post-It'" notes emerged. 
3.6 Organisational and enterprise modelling 
A decision will rarely be made in isolation, " ... both the decision and the decision-
making process are heavily dependent on the characteristics of the environment in 
which the process occurs, including the culture of the organisation and its people 
involved in the decision process." (Cook et aI., 2006) 
This leads to a number of things, which all affect DM and must be taken into 
account, such as: 
• Culture - cultural issues will affect the realisation or application of 
any DM or DS (deCision support) process. These issues will also be one of the 
key areas where the paradigm shift considered in the KIM project will be 
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noticed. Trust will also be key (Johnson et aI., 2007, Hodgson and Siemieniuch, 
2008). 
• Governance - this can be summarised in three questions: are we doing 
the right things? Are we doing those things right? How do we know this? 
(Nendick et aI., 2006) 
• Organisational structure - in principle, its purpose is to allocate and coordinate 
responsibilities and resource to best effect, which creates the formal 
requirements for OM. 
• Organisational strategy - the sequence of goals, extending into the long-term 
future. 
• Formal procedures - for example, any documented OM process or 
associated procedure, which may constrain actions, help explain them, or 
identify violations. 
• Responsibilities and authorities. 
• Goals and aims - what are the decision makers working towards? 
• Individual roles, capabilities and skills. 
• External influences - e.g. legislation, competition, economic conditions. 
These topics, identified from internal documents and communications, were taken 
into account in the case study investigations. 
3.6.1 Communities of practice 
As outlined earlier, Communities of Practice (CoPs) can be considered to be a form 
of OS. There is a wealth of information, the majority of which is recent, about CoPs. 
There is even a published encyclopaedia (Coakes and Clarke, 2006) on the topic, 
which provides a thorough overview, highlighting negative consequences as well as 
positives. With the change to PSS, it is likely that people will use more informal 
communication methods and structures, such as CoPs, to aid their decisions. 
Etienne Wenger is credited as one of the people who has most progressed CoPs 
(and their research). Coakes and Clarke (2006) begin with one of his definitions: 
"CoPs are a specific kind of community. They are focused on a domain 
of knowledge and over time accumulate expertise in this domain. They 
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develop their shared practice by interacting around problems, solutions 
and insights and building a common store of knowledge." 
Another Wenger definition (Wenger et aI., 2002) is: 
"CoPs are groups of people who share a concern, a set of problems, or 
passion about a topic, and who deepen their knowledge and expertise 
in this area by interacting on an ongoing basis." 
A further definition (Lesser and Storck, 2001), which echoes Wenger in simpler 
terms, is: 
"[CoPs are] groups whose members regularly engage in sharing and 
learning, based on common interests." 
Whilst these definitions are complementary, there is some conflict in all the texts 
reviewed as to whether CoPs can (or should) be created or whether they form 
themselves (suggesting possible links to self organisation within complexity 
science) and should be supported and encouraged. 
The network of CoPs within and across organisations will differ fundamentally from 
the formal organisational charts (Brown and Duguid, 1991), but this is not widely 
recognised within organisations. Without such recognition, organisations will not 
be able to exploit CoPs. 
It may be possible to classify CoPs. The following is a classification by membership 
(Coakes and Clarke, 2006), where a CoP may be: 
• Entirely within an individual organisation (e.g. a group of surgeons in a 
hospital). 
• Spanning organisations that are linked by some formal business partnership 
(such as that which may form within research projects such as KIM). 
• Formal networks that span organisations not part of other formal relationships 
(like professional bodies). 
• Self-organising networks of individuals with ad hoc relationships and no formal 
ties (e.g. internet discussion groups). 
People may be members of mUltiple groups from different classification -
membership is not mutually exclusive. 
The current popularity of CoPs may be because they reputedly: 
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• Help transfer and store tacit knowledge (Coakes and Clarke, 2006) 
• Improve organisational performance (Lesser and Storck, 2001) 
amongst other things. Storage and transformation of information will be of great 
importance with the increased life cycle times after the PSS. 
Study of CoPs should take into account a holistic approach. Also, as noted in some 
of the early KIM project documentation, there is little research that has further 
investigated the relationship between CoPs and DSS, especially within the context 
of the PSS. 
3.7 Information and know/edge management 
A decision is made based on the information available to the individual or 
organisation and the outcome reflects the quality of this information. 
Consequently, it is possible for a valid decision to be made based on the 
information available, but it could prove to be incorrect when applied to the whole 
project or organisation. It is possible that information gathered might not be 
appropriate, or not used when making the deciSion (March, 1991). 
The query 'what is knowledge, what is information and what is the difference?' has 
developed into a research domain of its own. A web search yields copious sites 
with forums and discussions on the topic, along with many other sources and there 
are whole texts dedicated to answering the question (Losee, 1997). It is generally 
agreed that knowledge, information and DM are inextricably linked (Davenport 
and Prusak, 2000), and it is from this view that the local definitions for the 
purposes of this research project have been developed. Losee (1997) suggests that 
the most common definition of information is "one or more statements or facts 
that are received by a human and that have some form of worth to the recipient", 
which is reinforced by Davenport and Prusak (2000) who suggest that the receiver 
of a message (or statement) decides whether it is information, whether it truly 
informs the receiver. Knowledge is then defined, again by Davenport and Prusak 
(2000), as the identification and use of relevant information (simply translated). It 
is this same text that was used centrally by the KIM project and further research 
has found no valid contradiction. Wiig (1997) outlines the 'relation between KM, 
strategic management and the shift towards service provision. 
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There are different types of knowledge, some of which will be more important 
than others. Starting points for the types of knowledge needed by teams in general 
and specifically for DM is available in the literature (Noble, 2004) and was used in 
the case studies. 
Key issues identified in the research are: 
• Formal vs. tacit knowledge - specifically how both are stored, transferred and 
used in DM. This was addressed by other areas in the KIM project. (A good 
discussion on this and other aspects is presented by Siemieniuch and Sinciair 
(1999).) 
• Redundancy of information theorem (developed from Shannon's 2nd Theorem 
(Shannon, 1948)) - which refers to the necessity of giving some information in 
many different ways to increase possibility of correct transmission, even 
though it may be more costly. The use of this in assessing and supporting 
decisions is not addressed explicitly nor at length in the literature. 
• Redundancy of potential command principle (originating, as many of these 
theories or principles seem to, from cybernetics) - this makes the 
consideration that information (and knowledge) is linked to power. It required 
further investigation to ensure that enough people have relevant knowledge 
within a system (and that this knowledge is retained throughout the extended 
lifecycie under consideration) to enable control of situations should the need 
arise. 
The latter two theorems/ principles are just two of many ideas, considered in the 
area of Cybernetics, which warranted attention during the research (Reynolds, 
2002). 
It is important that information flow takes place through informal channels, not 
just through a hierarchical organisational chart to avoid 'throw it over the wall' 
mentality. CoPs are an example of an informal method of information sharing (see 
section 3.6.1). It is suggested (Sondergaard et aI., 2007) that the PSS means 
knowledge sharing is even more significant. 
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There is a huge amount of information in the literature about OM and its 
surrounding topics, however, there is no clear outline of the consideration of the 
different aspects responsible for enabling decisions to be made and affecting 
them. 
The table below (table 3.1) summarises the findings from this review, based on the 
main topics, and the implications for the rest of the research. 
Topic Summary Implications 
PSS Different organisations and Any case study will need to outline 
different industries will experience the status of PSS. 
the PSS in different ways. It is important to look at the big 
PSS will lead to more integrated picture. 
solutions. Case studies (and validation 
The implications of decisions will studies) were identified to consider 
change under the new paradigm. the extended life cycles. 
The PSS will affect the lifecycle of 
project. 
DM DM is affected by a number of Focus of the research was on DMS. 
things, and requires a number of The definition of DMS was further 
aspects to be effective. developed during the meta-analysis 
Many decisions are made by of accident and incident reports, 
organisations. detailed in chapter 4. 
It is not likely to be possible to 
investigate all decisions. 
Complexity There is likely to be more induced A flexible approach is needed to 
and intrinsic complexity following investigate such situations. 
the PSS. 
Emergent behaviour is also likely to 
be prevalent. 
Organisational A number of organisational aspects It is important to look at the 
and will interact with DM. interactions and implications of 
enterprise Decisions are rarely made in other areas, not just DM. 
modelling isolation. 
Information The availability of appropriate Understanding the flow, storage 
and KM information is essential for DM. and use of information is important 
to understanding DM. 
Table 3. 1 LIterature revIew summary 
Accidents are the potential output from poor OM. The latter does not always lead 
to the former, but it is possible. Leveson (2004b) provides an interesting starting 
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point looking at commonalities between incidents, and this was used as a basis for 
the meta-analysis of accident reports presented in section 4.1. 
Whilst the work based on the Minkowski space-time diagram needs further 
development (which was not continued beyond this review point in the research), 
it has highlighted the usefulness of understanding the current state of an 
organisation, its potential future states and the various pressures it may 
experience. The impact of these pressures on a DMS is considered further in 
chapter 4. 
Following this literature review, and given the problem statement presented in 
chapter 2, the research question addressed in the remainder of this thesis can be 
stated as 'To what extent does the configuration and interconnectedness of the 
decision-making system within an organisation influence and constrain the 
capability within the management of complex, long-life engineered systems'. 
ToADS (as presented in chapter 2 and discussed in detail in chapter S) was 
developed and used in the case studies as a method to elicit the necessary 
information to begin to answer the research question for specific examples. 
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This chapter discusses the initial development work and exploratory analysis for 
this research. It is split into three main parts. Section 4.1 outlines the meta-analysis 
of disasters, detailing the analysis of existing documentation. Following on from 
this, sections 4.2-4.6 each describe one of the pilot studies completed. Finally, 
section 4.7 presents a discussion on the impact of the studies on both the ongoing 
research and also the development of methodology for subsequent case studies 
(presented in Chapter 6). 
4.1 Meta-analysis of accident and incident reports 
4.1.1 Introduction 
The initial aim of this research was to investigate decision-making (DM) and its 
impact. As stated earlier, accidents are often linked to bad decisions. This, coupled 
with the ready availability of detailed accident reports, made meta-analysis of such 
incidents a sensible first step. The documents investigated were from reliable 
sources, typically the formal accident or incident reports. The aim of this study was 
to investigate the decision process and issues leading up to the various incidents. 
The aim was not to identify cause nor to apportion blame, something already done 
in the accident reports. 
4.1.2 Identifying and classifying commonalities 
Leveson's paper on the role of software in spacecraft accidents (Leveson, 2004b) 
was used as a starting point for this work. In that paper, a number of un manned 
spacecraft incidents were considered, along with factors that led to their 
occurrence. The incidents considered are: 
• Ariane 5 - maiden flight on 4th June 1996; after 40 seconds, the craft veered of 
its flight path, broke up and exploded. 
• MCO (Mars Climate Orbiter) - 9 Y, months after launch in 1998, MCO was lost 
after entering the Mars atmosphere in a lower than expected trajectory. 
• MPL (Mars Polar Lander) - destroyed in 1999 after free falling to the surface of 
Mars when touchdown sensors malfunctioned. 
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• SOHO (Solar Helliospheric Observatory) - joint effort between NASA (National 
Aeronautics and Space Administration) and ESA (European Space Agency) to 
monitor solar atmosphere. After two months of nominal activity, contact with 
SOHO was lost on 25th June 1998 (this contact was restored 4 months later). 
• TCM (Titan IV B-32/ Centaur TC-14/ Milstar-3) - mission to place satellite in 
orbit, control was lost and the satellite was placed in an incorrect final orbit. 
The categorisation originally presented by leveson (2004b) of factors involved in 
these incidents was: 
• Flaws in safety culture. 
• Management and organisational factors. 
• Technical deficiencies. 
Beyond these broad categories, leveson did not appear to investigate 
commonalities between the cases. 
Investigation of the above incidents, plus further incidents (the Challenger and 
Columbia Space Shuttle incidents, the Kegworth air disaster and the Enron 
collapse, for example) led to identification of a number of commonalities in the 
incidents that had potential to impact on OM. The identification of these 
commonalities is represented in figure 4.1. Where an incident had an associated 
issue with a corresponding key word, a tick was placed in the matrix. This allowed 
identification of which categories were associated with which incidents, and which 
categories occurred in multiple incidents.. Following initial attempts to assign 
these to the classic 'People, Process, Technology classification, it was discovered 
that adding 'knowledge and information' to this list allowed commonalities to be 
assigned. This assignment is shown in figure 4.2. Some of the commonalities were 
placed into multiple classifications - these are joined with link lines in figure 4.2. It 
was also noted at this stage that those items on the list (people, process, 
technology and information) were all required for DM to occur, and hence the 
term decision-making system (DMS) was first used and defined within this 
research. 
The component parts of a DMS provided a different view on leveson' 5 
categorisation. Consequently, a secondary categorisation was considered, based 
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loosely on Leveson's, but considering the organisational aspects that could affect 
or be affected by the DMS. This allowed for a two-dimensional categorisation and 
was the first version of the DMF (Decision-Making systems Framework). The 
assignment of the commonalities to this framework is shown in figure 4.3. Again, 
some of the commonalities were categorised into multiple cells, represented with 
link lines. 
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Figure 4. 1 Snapshot of the issue categorisation for the early cases 
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Figure 4. 2 Commonality classification arising from the meta-analysis 
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Figure 4. 3 First framework version 
Supporting the 
Configuration of DMS 
The organisational aspects which may affect DMS have been identified as: 
• Internal aspects - for example, position in the engineering life cycle (ELC) 
• External aspects - for example, legislation or partner restrictions 
• Organisational culture - organisational structure, approach to collaboration 
• Level of DM - strategic, tactical or operational decisions. 
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These were initially developed based on the pressures identified through the 
Rasmussen/ Minkowski work (section 3.4.4) and then by analysis of the cases 
described above. It was found that the issues could all be categorised into one of 
these categories. 
DMS will also be affected by time (time available in which to make the decision, 
time by when the decision must be made, time when the output or effect of the 
decision is realised and the expected duration of the decision) and the style or 
process of DM. DMS are loosely coupled and, as a result, through life objectives 
have more of an indirect influence on many decision makers and the decisions they 
make. 
The technical deficiencies identified by Leveson (2004b) have not been explicitly 
considered within this research thesis, which instead focuses on softer aspects. It is 
these 'soft' aspects that can enable technical deficiencies to propagate. Technical 
deficiencies are usually well discussed and the focus of the formal accident report. 
4.1.3 Developing the database 
The information collected about the incidents, which was used to identify 
commonalities and develop the first version of the DMF, was then captured in a 
standardised format. At this stage, the standard format was in Microsoft Excel (see 
figure 4.4). This was developed to allow new incidents or cases to be added during 
the rest of the research (and also during tool use) and was refined as necessary as 
the cases were added. This is now referred to as the incidents database. Some of 
the cases added are: Alaska airlines accident, Gimli glider incident, the Enron 
Collapse and Hillsborough disaster (Williams 2003, Richardson, 1994). Cases 
introduced were deliberately not limited to anyone industry (further examples are 
included in appendix A). 
4.1.4 Tool summary 
The development of the framework and database was the first version of ToADS 
(Tool for the Assessment of Decision-making Systems). The DMF (figure 4.3) allows 
for categorisation of issues associated with an incident. The information gathered 
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to enable the framework to be generated for each case was then saved in a 
spreadsheet (later developed into a database, see chapter 5). 
Dlsasterj inddcnt database 
,Title I'lhe tmon Collaose 
Intro The C'OiNnfal!, and collapse of C:lrofl ",I,'as 2: scandal tnat grIpped Amerk:a 
and the rest of the world. It :C.utminao;:ed In: tne conviction of former 
Dosses fer fraUd 'and co!')soiracy. 
Ufecyctel:.nron form~d {lCJ8!>} --> fnmn cectared nankrupt {bc:cember 2CDl} 
Facts t::nl'on began life In 198-5 fol:ow:ng r.he merger of InterNorth and 
Houston Naturai Ga5, It was an c-nergy producer, 
cnron became aF\ energy bank anc market maKer in tne US, prov!d:ng 
gua:-anteed cua'1titles at set :3r1ces over the 10,1g term and acting ·as t!1C" 
mal'1 broker in e:1eFO roduc~s, 
10 1~ years, Emon grew liro:n no:hlng: to oecome Amenca·s seven:" 
larae:;: CD'n003'1 r eme!o In 21,000 staff in more man 40 countr,e~, 
Jcff"~V 5kllLn i~ E:mon's former Chief tXeOJtive, 
V."f:., Lav was tnron's touncer and former Chatrnan. 
~otl' Lay and Skildng b:amed JunIOr manager; ano claimed ignorance of 
the sth.","s. [The judge In the trlal stated tilat deliberate Ignorance of 
f:rauG was ,no eXCUSt~. 
jn one .. 'ear, Lay ear"lec S252m includ:n sto-ek oDtio~~. 
t:n~DI";'S tracing o;leratlons relied neavilY en comp}catco transactio!)s. 
manv rCla':tnq m deals many years h the future, 
Ma:w of tnro:1's g2lm!>!es on Iuture energy Price:; were 10::;1:"19 moneYr 
and to. disgu~sc th.s a ne.twork of dubiOUS "partnerships" were ueatec • 
EnrDn c.evices for keeping debts off th-e balance shee:: and tt'u~ kecDir}Q 
orofits h k hand 5:'21 reho Id~r5 hao!) . 
Figure 4. 4 Early version of the database 
4.2 Pilot studies introduction 
4.2.1 Introduction 
Following on from the accident analyses, a number of pilot studies were identified. 
The main focus of the series of pilot studies was to develop a methodology for the 
industry based studies (chapter 6). Along with this, information was gathered to 
further develop ToADS (although this was a secondary aim at this stage), and to 
understand DM practice within organisations to provide contextual understanding 
for the arena into which ToADS could eventually be implemented. The aim was to 
develop a method which would help ensure that the necessary information could 
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be collected to compile DMFs, to complete the database entry and to further 
develop ToADS. 
The studies investigated how decisions were made, what decision support was 
available, what decision support was used and if any key decision points could be 
identified. Some variety was introduced across the studies to test different 
techniques. 
Two student-based studies were investigated. Both of these studies were on 
design projects that were specifically designed to simulate many of the typical 
organisational and technical aspects of full-scale design and engineering projects. 
Following these student group studies, two industry based pilot studies were also 
carried out in order to mimic more closely the subsequent industry-based case 
studies. Since the two industry based studies took place in different industry 
sectors (construction and engineering research), they also allowed initial 
exploration into differences in industry sector context. 
How all of these studies fit together is presented in figure 4.5. 
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Figure 4. 5 Pilot study overview 
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4.2.2 Methodology 
Oppenheim (1992) discusses the use of pilot studies to develop and hone 
methodologies for further research, both in content (e.g. wording of questions in 
questionnaires and interviews) and also for procedures for administering the data 
gathering techniques and protocols etc. It is in these areas that pilot studies have 
been utilised for this research, as well as gaining some preview of the issues likely 
to be important for DMS. 
A variety of techniques were used in the pilot studies, including interviews, 
observation, surveys/ questionnaires, document analysis and focus groups. How 
these were applied is detailed in the following sections, an assessment of their 
effectiveness and how they influenced future study methodology is outlined below 
(and discussed in section 4.7.1): 
• Structured, one-to-one interviews (used in the Engineering pilot, see section 
4.6) 
o These are one particular variety of interview type (Stanton et aI., 2005) 
and, as the literature suggests, they can ensure that the data that is 
required is obtained, particularly when a series of such interviews is 
carried out. Such interviews are time consuming and rely heavily on 
well-structured pro-forma to elicit the necessary data. Morgan (1997) 
outlines the links and benefits of using interviews alongside focus 
groups. In the later studies, such a combination was used again, since it 
proved to be productive. 
• Observation (used in both student pilots, see sections 4.3 and 4.4) 
o Observation was possible to a limited extent in the student pilot studies 
due to the relatively small scale and limited timescales of the projects 
involved (along with their proximity in time and space). It was difficult 
to observe DM behaviour. This experience suggested that observation 
would not give an equal return for the input effort and would not 
adequately deliver the data required in the later studies. 
• Surveys and questionnaires (used in all pilot studies detailed in this chapter) 
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o Questionnaires are flexible and can be a quick way to collect large 
amounts of data (Stanton et aI., 2005). They have the advantage of 
obtaining specific answers to specific questions. In checklist format (for 
example) questionnaires can be effective in determining existing 
knowledge (Oppenheim, 1992). The incorporation of a Likert scale 
allows attitudes to be measured. These techniques were all found to be 
useful in the pilot studies, and even more so when used in combination 
with other methods, such as focus groups. 
• Document analysis (used where possible in all pilot studies) 
o Documents cover a wide range of types and in the pilot studies were 
typically process documents, minutes of meetings or formal reports. 
Analysing these documents was a useful part of a multi-method 
technique. They provided information on content and context. The 
issues of reliability, validity and the fact that the documents were not 
created for the purpose of this research (issues identified by Robson, 
1993) were taken into account. 
• Focus groups or semi-structured group interviews (Oppenheim, 1992, Stanton 
et aI., 2005, Morgan, 1997, used in the engineering study and the construction 
pilot study) 
o These can be an efficient method to elicit opinions from several people 
(Stanton et aI., 2005) and allow observation of interaction and 
discussion, providing access to forms of data not easily obtained 
through other methods, such as interviews or observation. These were 
found to be very useful, especially when bringing together participants 
who have things in common, but would not normally have a vehicle to 
meet and discuss issues. Combined with other methods, this technique 
(and the questions used) was adapted for use in the main case studies. 
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The context for this pilot study was a third year engineering group project, which 
took place over an academic year (approximately 8 months). The project was a 
compulsory part of the undergraduate course, for which the students were given a 
list of possible projects approximately three months before the start of the 
academic year. Typical examples of projects are the design and build of an 
autonomous underwater vehicle or a hovercraft. The students form groups and 
prepare bids for the projects they would like to complete, in a similar way that an 
organisation would bid for a contract. Upon project allocations, the groups agree a 
set of objectives with their academic supervisors and work over the year to achieve 
those objectives. The groups have technical supervisors who developed the project 
idea initially and provide technical support and guidance throughout the project. 
They also have access to a 'System Support Team' (SST), who, provide guidance on 
the groups systems approach and procedural side of the project. As a small·scale 
simulation of a real engineering project, this was deemed to be a suitable pilot 
study. 
This section is split into three main parts. Section 4.3.2 provides further detail on 
the methodology used. The second, section 4.3.3, describes the data gathered, 
followed finally by conclusions in section 4.3.4. How this integrates with the other 
pilot studies is presented in figure 4.5. 
4.3.2 Methodology 
The study began with an introductory session. All six groups attended this session, 
where they were informed of the plan for the study and consented to participate. 
Six groups agreed to participate in this study, each containing 4·6 members. 
One of the main forms of data collection for the study was a questionnaire. The 
questionnaires focused on Key Decision Points (KDP) and were completed by the 
groups (rather than on an individual basis). The initial aim was to administer the 
questionnaire at three points over the duration of the project: once at the start of 
the projects, once mid way through the project when interim assessments took 
place and finally at the end of the projects. The groups did not have access to their 
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previous answers when completing later questionnaires. Whilst all groups 
completed the initial questionnaires, which were administered at the introductory 
session, the response rate for the interim questionnaires was one from six groups 
and none of the final questionnaires were returned. (A sample questionnaire is 
presented in appendix B.) Since the focus of this study was to understand and 
develop the methodology, a low response rate did not affect the study greatly. It 
does, however, lead to an understanding of how to gain information successfully in 
the industry case studies. 
Document analysis took place, where possible. As part of the module 
requirements, the groups were required to produce process documents outlining 
the approach employed, including any DM processes utilised. This enabled a view 
on the group's formal view on DM. In some cases, observation of group meetings 
and group work was also possible. 
As part of a separate study, Belbin Role (Belbin, 1993, 2004) information was 
collected and this data was made available for this research and subsequently used 
to investigate its potential contribution to the process. The process is referred to 
as Belbin Team Profiling. 
Some groups developed websites to aid in the management of their projects. 
Access to these was provided for further analysis to be performed. This provided a 
less formal view of the processes than the formal documents submitted for 
assessment. 
4.3.3 Key information 
This section outlines the key information gained from the various methodologies 
employed and introduces brief analysis. Further detail on the data gathered is 
presented in appendix B. 
4.3.3.1 Observation 
Non-participative observation took place where possible (with five out of six 
groups) during group meetings. Observations took place over the academic year. 
Some of the key points arising from these observations are included below, along 
with whether these are linked to DM or decision support (DS): 
• DM 
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o Project timings will alter, regardless of groups' expectations, which in 
turn affects DM. Plans can either be too dynamic or too static. Groups 
either outline every step meticulously at the beginning of the project 
and are surprised when things fail to stay on track (for example, if 
deliveries are delayed) or fail to put any plan into place at all and are 
surprised when they begin to run out of time. 
o Many decisions were unconsciously made. Groups typically had DM 
processes in place for component selection, but not for any other 
decisions. Before one observed meeting, one group expressed concerns 
as to how useful the observation would be, as they did not plan to make 
any decisions. During the meeting, they were observed to make 
decisions on design alteration and group work plans. They simply did 
not consider these to be decisions. 
o There are links between risk management and DM, which are not 
always noticed. Indeed, few groups linked any of their support 
processes. Implications of decisions made were neither flowed through 
to risk management, nor often considered in budgetary calculations. 
o It is important to capture rationale. Groups reviewing work from 
previous years did not understand why some decisions had been made 
and so were likely to repeat mistakes. 
o The best possible decision is not always possible; striving for it can 
cause unnecessary delays. In some cases, groups delayed purchase 
decisions so long that the items were not delivered in time to be 
incorporated in the system. A suitable component available to be used 
would have been better than taking the time to find the ideal solution 
without being able to implement it. 
o Standard process, if too restricting, is not always used. However, the 
groups seemed to think that tailoring was not acceptable so tended to 
hide variations in assessment and review, making rationale 
identification almost impossible. There is a common problem of 
adjusting reality to fit the reporting requirements. 
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• DS 
o Levels of trust affect authority for DM. Not all groups had a 'team 
leader'. It tended to be in these groups where decisions took a long 
time to be reached, as consensus was sought. Whilst this may be an 
honourable aim, it does not always lead to time efficient DM. 
o External expert support was sought. One of the groups in particular 
obtained membership to a special interest group relevant to their 
project. The group did not formally identify this as DS. 
o Key advice offered was not always recorded. During some of the 
observed meetings, much of the technical advice provided by the 
technical supervisors was not recorded. This advice could have been a 
useful reference for future decisions. 
4.3.3.2 Document analysis 
Document analysis took place based on the process and systems documents that 
the groups submit as part of their assessment. The documents outlined the 
process the group undertook and were intended to highlight any issues the group 
experienced or lessons they learned. Some of the key points arising from these 
analyses are included below, along with how these are linked to DM or DS. 
• DM 
o Lessons can be learned from previous projects, but only if the rationale 
was captured in those projects. 
o It is good to always aim to make correct decisions, but it is useful to 
realise that this may not always be possible given time and information 
constraints. 
o Groups at least attempted to capture rationale, although this was 
typically confused, misunderstood or done after the project was 
effectively closed. 
o There was evidence that groups understood the wider implications of 
DM, but no evidence that this understanding was applied. 
o There was further evidence in the documentary analysis that not all 
decisions were consciously made. 
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• DS 
o Groups recognised that rationale should be captured, but at no point in 
their DM process did they review previous decisions, so the information 
captured was not used. (At least consciously and certainly not between 
stages, nor was there a review on previous decisions from groups who 
had completed the project previously.) 
o Again, there was no evidence th at DM processes were integrated with 
other processes. 
o Any DS used was typically only for technical, rational decisions. 
o There was some recognition ofthe value of expert consultation as DS. 
o There was some recognition that different approaches were required 
for different types of decision, but there was little evidence of this being 
put into practice. 
o Support was typically seen as cumbersome. It was usually viewed as a 
hindrance rather than an aid. 
4.3.3.3 KDP questionnaire 
This section outlines the data gathered with the KDP questionnaire, a copy of 
which is contained in appendix B. As noted earlier, the questionnaire was 
administered at three question pOints over the duration of the project (start, mid 
point and end). 
All six groups were asked to discuss what key decisions they would have to make 
as a group whilst embarking on their projects. They were also asked to note when 
they felt these decisions would take place, where possible. The second 
questionnaire also asked the groups to consider whether the decisions they were 
making were at a strategic, tactical or operational level. 
Interestingly, although the processes developed by the groups tended to focus on 
technical decisions, such as component selection, when asked to identify their key 
decisions, groups tended to focus on softer decisions, such as division of tasks 
between group members. Many of the key decisions were very top level, such as 
deciding on objectives or determining overall process. 
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Whilst there were some commonalities between the groups with identification of 
KDP, such as task allocation, the number of KDP identified and the detail presented 
were very different. 
Further analysis was not sensible due to a poor response rate. 
4.3.3.4 Other information 
As part of a separate study, the Belbin Team Profiling questionnaire was 
administered to the groups (Belbin, 1993, 2004). The data was made available for 
analysis within this research. The aim was to determine whether such analysis of a 
team could provide insight into the teams' ability to make appropriate decisions. 
Each of the individuals involved in the study were profiled and team roles 
analysed. The data is presented in appendix B. 
None of the groups were particularly well balanced with regards to having a variety 
of people with different attributes and skills. This is perhaps not surprising as the 
students selected the groups themselves. Looking at patterns across the groups, 
there appears to be a general lack of strong leadership or judgement on issues, 
which, given the limited time available to the student, may cause some problems 
for DM. Idea generation and drive are strong, which is positive for generation of 
alternatives. The combination of these two extremes can contribute to the vicious 
circle of striving for the best decision and never making a decision at all. 
The process requires access to all members of a group and has value as a 
diagnostic tool rather than a prognostic one. For these reasons, it was not used 
beyond the pilot studies. 
4.3.4 Conclusions 
To reiterate from early sections, some conclusions can be drawn on the 
methodology used in this study: 
• Observation - provided useful information, but is questioned as to 
how practical it would prove in an industrial context. 
• Document analysis - relies on the documents being available, complete 
and reliable. It can provide useful information on formal processes and points 
of view. 
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- whilst the questionnaire format is useful, response 
rates when the questionnaires were not administered face to face was very 
low. There was also an issue of asking directly about decisions when many of 
these are not consciously made. 
• Belbin team profiling - provided interesting information about the specific 
groups. However, it only provides information on a specific team composition. 
The fact that industrial teams are likely to change and that access to a full team 
(or number of teams) within the industry case studies was unlikely, meant this 
technique was not employed past the student studies. 
The study was also used to gain insight into OM practice. Some key observations 
are summarised below: 
• Groups tended only to put processes in place for certain types of decisions. 
Rule based decisions are the ones typically recognised, with softer decisions 
going unnoticed. Technical choice decisions and associated matrices were well 
addressed. 
• OS or decision processes which require the group to follow stringent processes 
or guidelines tend not to be used. Groups often claimed that they were used 
for all decisions, but that usually meant that the groups were not aware of all 
the decisions that they made. 
• Constant striving for the perfect decision meant that many decisions were 
either delayed or, potentially worse, not made at all. 
4.4 Ergonomics student study 
4.4.1 Introduction 
The context for this pilot study was a second year ergonomics group project, which 
took place over an academic semester (approximately 4 months). The project was 
a compulsory part ofthe undergraduate course. The educational aim of the project 
was to provide an opportunity for systems ergonomics experience in a simulation 
of a real world environment of work. 
In this case, the groups were prescribed (selected by the tutor) and all groups 
worked on the same project, in contrast to the study outlined in section 4.3. The 
- 76-
Ella-Mae Hubbard Supporting the 
Configuration of DMS 
focus was on the ergonomics issues in the design of large, complex systems, 
specifically to 'win' an Invitation To Tender (ITT) for a monorail transportation 
system, located on a University campus. The groups were required to complete 
Gantt charts and progress sheets each week and also a design matrix, a HAZOPS 
(Hazard and Operability Study) analysis and typical project reports at the end of 
the project. 
This second study complemented the first student study. The purpose was to 
further test some of the methods (such as the Belbin technique and observation). 
It was also to exploit the opportunity to investigate a similar project in a different 
context (represented in figure 4.5). 
This section is split into three main parts. Section 4.4.2 provides further detail on 
the methodology used. The second, section 4.4.3, describes the data gathered, 
followed finally by conclusions in section 4.4.4. 
4.4.2 Methodology 
Similar to the first student pilot study, this study began with an introductory 
session. Seven groups agreed to participate in this study, each containing 5-7 
members. Representatives from all groups attended the introductory session, 
where they were informed of the plan for study and consented to participate. 
One of the main forms of data collection for study were questionnaires. These 
were the same KDP questionnaires that were used in the engineering student 
study and were also administered three times during the course of the project - at 
the beginning, mid point and the end. The groups did not have access to their 
previous answers when completing later questionnaires. In this study, the 
questionnaires were largely administered face to face and had a better response 
rate; however, it was still lower at the mid and end question pOints. 
Some observation of group sessions took place. These were rarely attended by all 
members of a group and were generally brief (even though many were compulsory 
sessions for the module). 
Belbin role information was gathered through an additional questionnaire (the 
standard Belbin Team Profile Questionnaire (Belbin, 1993, 2004)). This was 
administered with the first KDP questionnaire at the beginning of the project. 
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4.4.3 Key information 
This section outlines the key information gained from the various methodologies 
employed and introduces brief analysis. The detailed data gathered is presented in 
appendix B. 
4.4.3.1 Observation 
Observation took place in compulsory, weekly group sessions (compulsory for the 
student groups as part of their module, but not well attended). This involved 
observation of all groups simultaneously (rather than individually as in the 
engineering student study). Other, information group meetings took place that 
were not observed. The key points arising from these observations are included 
below, linked to OM or OS. 
• OM 
• OS 
o Groups recognised the interaction of what they were designing with the 
wider system (i.e. the local transport system) and used this information 
to guide their decisions. 
o Groups recognised that some of the decisions they had to make would 
impact others (e.g. design and budget) and attempted to deal with this 
in the scheduling. 
o Time has a large effect on OM and the groups did not appear to be 
making the best use ofthe time presented to them. 
o Expert consultation was readily available, a good form of support, but 
the groups did not make extensive use of it. 
4.4.3.2 KOP questionnaire 
This section outlines the issues identified with the KOP questionnaire, a copy of 
which is contained in appendix B. As noted earlier, the questionnaire was 
administered at three points over the duration of the project (start, mid point and 
end). 
The groups were asked to discuss what key decisions they would have to make as a 
group whilst embarking on their projects. They were also asked to note when they 
felt these decisions would take place, where possible. 
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In this study, the KDP identified fell into two broad categories: task allocation 
between group members and the key objectives for the project. They were all top 
level and the groups in general did not feel able to put a timescale on the KDP. 
(The data is presented in appendix B.) 
4.4.3.3 Other information 
The Belbin Team Profiling questionnaire (Bel bin, 1993, 2004) was administered. 
The aim was to support the other student pilot study in determining whether such 
analysis could provide useful insight in the subsequent industry studies. Each ofthe 
individuals involved in the study were profiled and team roles analysed. The data is 
presented in appendix B. Two of seven groups failed to return enough responses 
for analysis. 
Looking at patterns across the groups, there appeared to be a general lack of drive, 
problem solving or judgement on issues, which could have significant implications 
for DM. None of the groups exhibited the tendencies of a specialist which means it 
would have been sensible for them to look outside the group for expert advice. 
This made it more concerning that the groups did not appear to be exploiting the 
advice available for them. It called into question the quality of the information on 
which· the groups based their decisions. All members in all groups analysed 
exhibited strong team-working and cooperation attributes, which was positive, 
along with strong idea generation, which is useful for identifying alternatives. 
However, these things together did not tend toward decisions being made, much 
the same as the engineering student study. 
Despite the fact that the questionnaires were administered in compulsory at 
attendance sessions, response rate was not 100%. This supports the decision made 
not to use the Belbin team profiling beyond the student pilot studies. 
4.4.4 Conclusions 
As noted, one of the key aims of the study was to experiment with different 
research methods. Some conclusions can be drawn on the methodology used in 
this study: 
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• Observation - was difficult in a multi-team environment and did 
• 
not yield much data. Several conversations occurred simultaneously, making 
observations extremely difficult. 
KDP questionnaires - the format was useful again, but it was very clear 
that direct questions would not guarantee identification of KDP. 
• Belbin team profiling - again provided interesting information where 
response rates were high enough for analysis, but not entirely useful for the 
wider research within this work. 
The study was also used to gain insight into DM practice. Some key observations 
are summarised below: 
• Types of decision - although the groups had no formal DM processes, the 
decisions they identified were largely rational choice decisions (for example, 
pick train cabin size). Key decisions identified were the key tasks they had to 
complete. 
• DS - although available, DS was not used. Groups seemed to have an approach 
of 'just getting on with things' as they felt that planning took too much time. 
• Team identity - there was not much team identity within the groups. This is 
perhaps because the teams were allocated by staff rather than being selected 
by students. It is worth noting that this is likely to be more akin to industry -
you do not get to chose who you work with in a team in real life. 
4.5 Construction pilot study 
4.5.1 Introduction 
The context for this pilot study was the renovation of an existing academic building 
with construction of an attached extension. The construction project took 
approximately 15 months to complete and this pilot study took place five months 
after its completion. A particular feature of this study is the fact that the work was 
driven by the academic department, which saw this project as an excellent 
example for teaching purposes, and therefore paid particular attention to 
documenting all meetings and communications and retaining all documentation. 
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The project to complete the construction work was highly complex and involved a 
large amount of resources, knowledge and expertise. Within this overall project, 
the pilot study focused on a large section of work on an open plan research area, 
which was developed in the new building. The feasibility and impact of such an 
area was tested in a research project before development. 
Following its completion, the building won awards at a ceremony aiming to 
recognise the highest standard of excellence in architecture and design in the local 
region. 
Along with developing methodology for the subsequent industry based studies, 
this pilot study investigated how decisions, which take place at various stages of 
the lifecycle (for example, design, construction and use) are supported by the 
information available. The initial aim of the study was to investigate key decisions 
and DM processes, along with the value of information in the development of a 
new, innovative, educational building. For the purposes of this study, only strategic 
decisions were considered. The study also provided a view of different industries 
for the development of ToADS and also its process of use. The integration of this 
with other pilot studies is shown in figure 4.5. 
This section is split into three main parts. Section 4.5.2 provides further detail on 
the methodology used. The second, section 4.5.3, describes the data gathered 
along with brief analysis, followed finally by conclusions in section 4.5.4. 
4.5.2 Methodology 
The study began with a meeting with one of the key stakeholders (the academic 
department customer) to identify the best people to talk to and the location of 
relevant documents. Some of the data collection for this study was completed in 
collaboration with an undergraduate project. 
One of the main forms of data collection for the study was documentary analysis. 
Throughout the course of the construction project, large amounts of 
documentation were produced: formal documentation, outputs from meetings, 
memos etc. This information had been archived and allowed historical analysis of 
the project to take place. The level of historical analysis is dependent on the 
quality of the information available as well as the quantity. In this instance, the 
- 81 -
- -------------------------------------------------------------------------------
Ella-Mae Hubbard Supporting the 
Configuration of DMS 
quality of information was thorough and significant in quantity. This has obvious 
advantages; however, with too much information, it can also be difficult to filter 
the useful information of interest and of use to the study. The identification of 
relevant and useful information was completed, primarily as part of the 
undergraduate project, with later analysis completed specifically for this case 
study, separate from the undergraduate project. 
As part of the research carried out before construction commenced, the architects 
administered pre- and post-occupancy questionnaires. The information from these 
questionnaires was made available for this study, and was analysed with the 
documentation. 
Focus groups were carried out to investigate the effects of decisions made in the 
construction project and their effect on the end user. These focus groups consisted 
of research staff and Ph.D. students, both of whom use the building regularly and 
frequently. These also disCussed how the spatial use affects users' ability to work 
effectively. The focus groups allowed problems with the new building to be 
identified, as well as comparisons to be drawn between the previous setup and the 
building as it is now. Two researchers (the author and the undergraduate student) 
were present at all the focus groups and interviews. 
The research staff and Ph.D. students were questioned at different times in order 
to get the best from the discussion, based on guidelines on how to plan focus 
groups (Morgan, 1997). 
The focus group also allowed validation of secondary data produced during the 
course of the construction project, such as the pre- and post-occupancy 
questionnaires that had been carried out. This validation of data and results 
enhanced the understanding of the construction project and its aims and whether 
they were met. Where further clarification was needed, interviews were carried 
out with key stakeholders. 
4.5.3 Key information 
This section outlines the key information gained from the various methodologies 
employed and introduces brief analysis. Further information on the data gathered 
in presented in appendix C. 
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A large amount of documentation was made available for analysis in this study. 
This includes pre- and post-occupancy survey responses, a research environment 
study report and the development outline brief. 
The occupancy surveys were designed by the architect company (having previously 
been carried out in over 60 other organisations). The pre-occupancy survey was 
administered during design of the new building and was carried out alongside the 
study into 'Research Environments for Higher Education' (Parkin et ai., 2006) as 
part of a feasibility study, aiming to evaluate the perceived satisfaction of the users 
with the facilities and environmental conditions of the existing building. The survey 
highlighted that the main cause for dissatisfaction was space for meetings and for 
conducting quiet work. It also outlined low satisfaction with the layout, 
temperature, ventilation and air quality, noise, cleaning services, desk and storage 
space. Satisfaction with technology and office equipment was relatively high. 
Overall satisfaction with the environment within the existing building was shown 
to be lower than other buildings with which the architects had been involved. 
The survey also investigated the perceived satisfaction of the users relating to the 
facilities the building offered. The existing building was shown to fall short 
compared to the architect's benchmark. 
The aim of the pre-occupancy survey was to better inform design decisions and 
focus the post-occupancy survey to ascertain whether this had the required results 
(e.g. an improvement in satisfaction). The post-occupancy survey was the main 
assessment of the new building and allowed understanding of the improvements. 
The post-occupancy survey showed significant improvements in satisfaction 
relating to the environment and the facilities of the new building, compared to 
that recorded for the old building based on the pre-occupancy survey. A report 
presenting the key findings of a study investigating how research environments 
may be designed to better support the activities of their occupants was made 
available for the purposes of this study, to investigated any impact and knowledge 
transfer from this study (Parkin et aI., 2006). 
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The study (Parkin et aI., 2006) used a variety of data collection methods 
(observation, interviews, questionnaires etc.) and collected data from a number of 
higher education research facilities. Much of this study was considered when 
arranging the working space for the new bUilding. In analysing the documentation, 
interest was taken in the applicability of the conclusions and findings for the 
further development of the new building. The study looked at the impact of 
different research environments, categorising them as either 'individual-centred' 
(designed to support solitary work) or 'group-centred' (designed to encourage 
collaborative working). It was suggested that there is significant evidence that the 
work environment influences behaviour and productivity. 
The study concluded that researchers value a work environment that supports 
communication, provides good ambient conditions, privacy, storage, display space 
and breakout areas. Hot-desking was considered successful and practicable for 
research. It was noted that different people from different institutions, in different 
research areas had different work practices and so benefited from different work 
environments. The new 'research hub' has a large open plan working area, with 
hot desks in the centre of the room for Ph.D. students and permanent desks 
around the perimeter of the room for research staff. This decision, to have a large 
area designated for collaborative working, was well founded through research and 
the study reported by Parkin et al. (2006). 
An outline brief for the development of the building was produced. This brief 
detailed the fact that the development adopted Creating Excellent Buildings (Ca be, 
2003) as a guide and outlined the briefing group. The briefing group was a user 
representative group, identified as a decision support group. The brief also 
described a web bulletin board, which was established to facilitate communication 
and debate during the project. This was also described in the brief as a potentially 
very useful form of OS. 
4.5.3.2 Workshops/ focus groups 
The most crucial aspect of the new building was the acceptability of the building 
and its facilities by the people who use it. In order to gauge the subjective opinions 
of the end users, focus groups were carried out. Two focus groups were carried 
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out. One focus group was with researchers, one with Ph.D. students. The subject 
matter for the focus groups was the open plan research area. The focus group 
attendees represented the two main user groups for this area. The focus groups 
discussed how the spatial use affected the users' ability to work effectively. The 
focus groups allowed problems with the new building to be identified, as well as 
comparisons to be drawn between the previous setup and the new building. The 
focus groups also allowed for validation of secondary data produced during the 
course of the construction project, such as the pre- and post-occupancy surveys. 
This validation of data and results enhanced the understanding ofthe construction 
project, its aims and whether they were met. 
Discussions in the focus groups suggested that the successful results from the 
earlier study on workspace (Parkin et aI., 2006) did not translate into similar 
success in the full-scale building. The users questioned felt that the collaborative 
open plan space was actually having a detrimental affect on their productivity and 
work. Tl)ey felt that the size of the workspace and, subsequently, the number of 
.' 
people using it, produced levels of noise and distraction that reduced their work 
output. The users also commented on the fact that the layout of the building 
affected their working environment. 
One factor that was raised by the focus groups was that the research staff located 
around the perimeter of the room felt isolated from the rest of the room due to 
their distance from the main thoroughfares of the room. Conversely, the Ph.D. 
students who work in the centre of the room stated that they found the busy 
thoroughfares close to their work area distracting, with one user stating that he 
has to work longer hours in order to get his work done due to a loss of productivity 
caused by distraction. These inherent distractions, with many people working 
together in a relatively confined environment also caused issues with the research 
staff. All those involved in the focus groups stated they have worked from home in 
order to increase their productivity to meet a deadline. 
Although the Ph.D. students work in the hot-desking area of the research hub, the 
users stated that they always sat in the same place each day, thus making the hot 
desking facility nugatory. 
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Entry to the hub requires passing through swipe card secured doors, one in the 
lobby of the building and a second one on the doors leading into the research hub. 
This was agreed by both focus groups as being a good feature of the building, 
however, this is not without its flaws. One of the Ph.D. students involved in the 
focus group was located next to the most commonly used door into the research 
hUb. Whilst the distraction caused by the use of the door is one that is to be 
expected, the user explained that further distraction arose when people forgot 
their swipe cards, in order to regain entrance to the hub, requiring someone to 
grant their access. 
It was noted that although a number of processes were in place, they were not 
always used. Too many emails flooded the mailing system, causing problems in 
communications. It was also noted that closer work with sub-contractors and 
partners would have been useful. 
Man-rot these issues were not detected by the post-occupancy questionnaire, due 
to the absence of behavioural questions. 
, 
4.5.3.3 Interviews with primary stakeholders 
Many decisions were made during the course of the refurbishment and 
construction project. To identify and explore each and everyone of the decisions 
was not possible and the scope of the study required a subset to be selected. As 
such, this study concentrated on strategic level decisions taken during the course 
of the project. 
As a way of identifying the strategic level decisions taken during the construction 
project and detailed information about the use of the building, interviews were 
conducted with representatives from the customer department/ end users. The 
people interviewed had extensive involvement in the construction project. 
Every decision made during the project, including the strategic level decisions were 
subject to a range of constraints, some put in place by the University and others as 
a result of the type and size of the project. Thus, the larger the project or 
organisation, the more constraints there are likely to be imposed upon the 
decision maker. Furthermore, several significant constraints were imposed late in 
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the project. The construction of the building involved a large number of people 
and teams, such as the briefing group as well as the architects and contractors. 
There may be conflict between OM processes from different project partner 
organisations. This interaction between the components within the system 
increases complexity, which constrains the decisions along with other factors, such 
as time and cost. 
A generic construction lifecycle was outlined during the interviews and is included 
in figure 4.6. 
No specific OM process was used for the project, however, elements of various 
recognised approaches were used in order to ensure the project progressed. As 
highlighted, a project such as this will have many decisions of different types and 
for this reason, a variety of interrelated and interacting decision processes and 
support mechanisms may be the best solution. 
Identified support mechanisms: 
• Briefing group - implementation and use of this proved to be a useful and 
successful OS mechanism. 
• Web forum - potentially useful, but did not appear to be utilised to its 
full potential. 
The key strategic decisions identified are: 
• Replace temporary offices in porta cabins. 
• Application for SRIF (Strategic Research Infrastructure Fund) funding. 
• Execute feasibility study. 
• Formation of the briefing group. 
• Choice of specification for the new building. 
• Functional requirements ofthe building. 
• Choice of successful submission for the project. 
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4.5.3.4 Other information 
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There was a general point drawn out from all of the data collected. It was noted 
that, although not common in the construction industry, there was knowledge 
transfer between projects. Typically, construction does not take lessons from one 
project into the next design. However, there were lessons carried to this 
construction project, mainly during the design of space and use within the building. 
This knowledge transfer contributed to the decisions made in a way not routine in 
the construction industry. Increased involvement of the customer throughout the 
design process and continued involvement of the design and construction team 
past completion provided increased information and opportunities for learning 
through use. 
4.5.4 Conclusions 
This section discusses the output of this study, both from the point of view of the 
construction project and also the contribution of the study to the overall research. 
The aim of the construction project was to create an environment and culture that 
supported (and continues to support) world-class research and learning. According 
to the pre- and post-occupancy surveys, users are far more satisfied with their new 
working environment. However, evidence gathered from this study suggests some 
aspects (particularly the collaborative workspace) have not been successful, 
leading to a perceived reduction in users' productivity. 
Some conclusions can be drawn on the methodology used in this study, supporting 
evidence from the other pilot studies: 
• Document analysis - can be very useful, especially where the documentation is 
so exhaustive and comprehensive. The analysis can be very time consuming 
with such a large amount of data. 
• Focus groups - with multiple people can promote useful discussions. It is 
important to make an effort to include and involve all participants. 
• Interviews with primary stakeholders - are useful for data validation as well as 
specific questions. 
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The study also provided insight into very formal DM processes and DM in a 
construction context. Some further key DM observations from this study are 
outlined below: 
• The same decision can have different implications and outcomes at different 
times and in different contexts. 
• Information is essential for DM, however, it is possible to have too much 
information. 
4.6 Engineering pilot study 
4.6.1 Introduction 
The pilot study context is an industrial-academic collaborative engineering 
research centre, created a few years before this study took place. Research was 
carried out during a six-month period. At the time of the study, the research centre 
had a number of personnel changes in the higher management, with three out of 
four management positions recently having been filled and the organisation was 
attempting to work with the new people and activities. The research centre is an 
evolving organisation and it is envisaged that employees be cycled through the 
research centre and returned to their original business unit (BU) within a few 
years. A phase review had been undertaken just before the study started and some 
outputs from this review were in the process of being addressed in terms of the 
direction, organisational aspects and growth of the research centre, transitioning 
from a mainly set-up phase (where the main focus was on recruitment and 
resourcing) to an operating phase. 
Due to time limitations and availability of information, it was decided that the 
engineering pilot study scenario would be constrained to: 
• The industrial part ofthe organisation. 
• Those aspects of the enterprise involved with undertaking research (i.e. not 
covering training and education or business/ technology development/ 
outreach). 
This section is split into three main parts. Section 4.6.2 provides detail on the 
research methodology used. The second, section 4.6.3, outlines the data collected 
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and provides a brief analysis, followed finally in section 4.6.4 with a conclusion and 
discussion on the contribution of this study to the overall research. 
4.6.2 Methodology 
This study was part of a larger enterprise modelling (EM) study, which looked at a 
number of enterprise characteristics, including process, information, 
infrastructure, organisational structure, roles, cultural values, strategy, DM and 
competency requirements. 
Extensive documentary analysis was not possible in this case as formal 
documentation was not available. Hence, the main resources used for acquiring 
the information required were members of the organisation. Members were 
interviewed using semi-structured interview techniques (developed collaboratively 
with other researchers involved to ensure cross-fertilisation with the other 
components of the enterprise study) to elicit individual role viewpoints. 
The EM tools used were: 
• Process or functional modelling, using IDEFO (www.idef.com) 
• Information viewpoint, using DFDs (Data Flow Diagrams) 
• Role interactions, using the RMT (Role Matrix Technique) (Callan et aI., 2006) 
• Culture, using the CVT (Cultural Values Tool) (later developed to the SFMT (Soft 
Factors Modelling Tool)) (Hodgson and Siemieniuch, 2008) 
• Enterprise strategy, using the Enterprise Strategy Identification Tool, identified 
and developed within this study 
• Competency, using the Competency Tool (Siemieniuch et aI., 1999). 
The main tool used for the DM modelling in this study was the GRAI (Graphs with 
Results and Actions Inter-related) grid (figure 4.7) and GRAI net (figure 4.8) 
(Doumeingts et aI., 1992). A standard form for the data collection was developed, 
allowing the interviewee and facilitator to progress through a series of questions in 
order to yield the necessary information (an example of this is included in 
appendix D). There was also provision for anecdotal evidence, explanations or 
examples to be recorded. The tool identifies decision centres and the information 
typically required for decisions. The starting point of the exercise was to determine 
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information that was needed for the GRAI tool and where this information could 
be generated. 
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4.6.3 Key information 
4.6.3.1 Process modelling 
Supporting the 
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Since there was no formal documentation for the research centre process, the 
process was derived through interviews with a subset of key stakeholders. Process 
modelling was deemed very relevant to the investigation of DMS. Many of the 
activities investigated can be considered as DM activities, or will at least require 
decisions to be made in order to progress. 
There were a number of issues with the lack of formal documentation for the 
research process. At the time the study took place, there was no generic set of 
activities that occur, as differences can arise depending on the source of funding 
for the project, and researchers also fin d their own method of work. Such 
differences make it difficult to manage the projects and hold joint review sessions. 
This is not to suggest that there should be strict, mandated activities for such an 
innovative organisation, but can help to explain the challenges the organisation 
faced. 
4.6.3.2 Role modelling 
Roles are a subset of organisational structure. They can be held by human or 
technical agents, and by individuals or groups. They are the key resource that 
ensures a function or process is carried out. An individual agent may hold one or 
many roles and one or many roles may be combined to form a job for a human 
agent. The correlation between this role modelling and the process modelling 
allows investigation of DM agents, activities and the knowledge and information 
both necessary as input or produced as output. 
There was no existing formal documentation on the roles involved, nor their 
envisaged competencies, so these were created, making use of information 
gathered through interview and modelled using the RMT (Callan et aI., 2006). 
Roles involved at each stage are different depending on the stakeholder being 
interviewed and there was also confusion as to the nature of some of the roles. 
The nature ofthe relationship with the customers was also unclear. 
Role holders need to have sufficient knowledge (both tacit and formal) to carry out 
the tasks allocated to them. Knowledge in this sense is interchangeable with the 
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term competency, which seems to be favoured in the literature. The study did not 
highlight any problems with the competencies ofthe roles interviewed. There was 
no mention, however, of any suitable training for aspects of these. The appropriate 
role holders will need competency, information and authority to make the 
necessary decisions. 
4.6.3.3 Decision-making 
The application of the GRAI DM tool in this study highlighted those decision 
centres in which people were involved (possibly the ones those interviewed felt to 
be more significant) and what information it was felt was needed or used when 
making the different decisions. The overall picture presented can highlight where 
there are differences. 
Determining what information was needed from whom in order to populate the 
decision centres was no easy task. It was found easier effectively to start at the end 
(populating the GRAI nets) and work backwards to formatting the GRAI grids. 
There was one addition made to the GRAI representation, a dashed arrow in the 
grid representation to indicate information not readily available for a particular 
decision centre (as perceived by the interviewee). 
To gain the information needed to develop a GRAI grid through interview takes an 
inordinate amount of time. The tool does, however, allow easy visualisation and 
allows a general grasp of the overall situation to be demonstrated. 
Some confusion arose during the DM interviews. When people hear the words 
'decision-making' they have varied perceptions and preconceptions about what 
this means and what to expect. GRAI focuses significantly on 'decision centres', as 
opposed to specific decisions (to consider each individual decision would be 
unreasonable), which can add to the confusion if it is not explained clearly and 
correctly. 
The data gathered was formatted into GRAI grids and nets. An example of this is 
included in figure 4.9. Due to the disparate nature of the data sets, consolidation 
of interviewee responses into a single GRAI grid was impractical; hence individual 
grids were developed. There was not a large amount of consensus between 
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responses from the different interviewees. One common element seemed to be 
that the information needed for decisions was often not available. 
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decision centres 
Much of the information required was believed to be available, but people were 
either unsure of the location, or it may have been easy to miss. If anyone was 
unsure of the location of any information, they assumed it would be on the central 
computer drive. However, no one had a clear picture of the structure of the drive, 
or even of the information's existence and there was no available assistance from 
a search engine. Any hidden or hard to find information only serves to hinder DM, 
especially when that DM is under pressure. It was felt that some of the problems 
with DM related to the early development stage of the research centre and also 
the fact that customer strategy often did not correlate to organisation strategy. 
One of the key inputs to decisions was identified as leverage. However, the 
definition of what constituted leverage was not clear and few interviewees 
understood how best to identify it. There was no mechanism for internal 
collaborations, people only had a vague idea of what colleagues were working on 
and hence often turned first to academic or external contacts for support. 
Interviewees seemed to have a coherent picture of their everyday tasks (at the 
research level) and the associated deciSions necessary. This was positive, however, 
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what seemed to be lacking was a view of where all this fit into the rest of the 
research process. 
Within the DM work, a number of linkages to the other EM areas were identified: 
• Competency and roles - what roles make what decisions? What competencies 
are intrinsic to that role? What would be the impact on a decision if certain 
competencies are absent? 
• Culture - does the established culture support the OM process? What cultural 
aspects will affect the way decisions are made? 
• Strategy - does the strategy support the OM process (or vice versa)? Are there 
any conflicts? Are the strategies common or complementary across the 
organisation? If not, what impacts does this have on OM (e.g. how decisions 
are made, who has the authority to make decisions)? 
4.6.3.4 Other information 
A number of organisational structures and subcultures were identified within the 
research centre. Some of these were formal, others much more informal. From 
what little formal documentation was available, it became clear there were two 
main formal structures that existed. One outlined the complicated nature of the 
structure driven by multiple customers from different organisations and the other 
was more operational, depicting chains of line management. There was evidence 
from individuals that this lead to people having multiple roles with potential 
workload issues or problems with multiple lines of reporting. This had quite an 
impact on OM, as the lines of authority quickly became blurred and authority and 
responsibility for decisions became confused. 
There was no formal documentation for the information flows. The information 
model was derived through interviews with the same subset of stakeholders as the 
other data collection. The main issue arising from the information modelling was 
the use of a common computer drive as the central store for all electronic 
documents. As a hub of information, it was important that the members of the 
research centre were able to access the right information at the right time and, as 
such, knowledge and information management of this drive was essential. Other 
than a uniform structure to the team folders, there was no way of searching of 
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guiding the user to the information they needed. There was a document register, 
but this seemed to be used purely to generate a unique reference number for 
deliverables. The document register was not universally used, as not all members 
of the research centre were aware of its existence. The availability of information 
is of key importance to DM. Decisions cannot be made without relevant 
information. It is accepted that decision makers will typically not have a full suite of 
relevant information at the time they need to make a decision, however, not being 
able to access information efficiently, will add increased {unnecessary} time 
pressures on the decision maker. 
There were some misunderstandings, but, overall, there was an agreement on the 
individual, group and organisational culture of the organisation. Individuals lower 
down the organisational structure did not have much contact with the 
organisational decision makers and did not understand their role and culture. 
Culture has an impact on DM because of the tacit element involved in making 
decisions {i.e. beliefs, values etc.}. 
There was inconsistency between individuals as to the view of derivation of 
strategy. There was the perception that the strategy was not reviewed and, in 
some cases, there was the feeling that the strategy had been put in place at the 
outset of the research centre and never reviewed. Despite acknowledging that 
there was a lack of strategy and information available in a widespread manner 
across the organisation, the stakeholders were able to identify various forms in 
which it was communicated to them. The vision was consistently reported across 
all those interviewed. It was evident that no one individual had a view on how the 
vision was realised through the configuration of the organisation. There was a 
difference in the views on how the vision was broken down from stake holders at 
the three levels of the organisation. An understanding of the strategy and vision of 
the overall organisation is imperative for all those making decisions, as the output 
of decisions will be actions, which should drive towards the perceived goals of the 
organisation. 
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4.6.4 Conclusions 
Supporting the 
Configuration of DMS 
This study was useful in continuing to shape the methodology for the case studies, 
and for identifying the interactions between the various elements of the enterprise 
(or DMS). It was evident that the investigation especially of the process of role 
elements provided useful insight into DMS. 
The study was found to be of use to the research centre, providing feedback, 
models and a safe sounding board environment for individuals interviewed to 
voice their concerns and possible solutions. 
One of the major limitations for this study was the small number of interviewees 
consulted, and the fact that many of these people hold more than one role within 
the organisation. 
The linkages noted between the DM section of this study and the other areas of 
the EM contributed to the DMS focus of the overall research and also to the broad 
nature of the investigation in the case studies (see chapter. 6). They also 
contributed to the development of the items affecting or being affected by DMS, 
included within the DMF. 
People have very different perceptions as to what DM is, which makes direct 
questioning in this area difficult. GRAI may be useful to identify KDP, but gathering 
the required information takes a large amount oftime. 
4.7 Pilot studies discussion 
The pilot studies were used for two reasons: to develop methodology for the later 
industry based case studies; and also to contribute to the development of the 
overall ToADS system. These contributions are discussed in this section. 
4.7.1 Methodology discussion 
The key elements of the methodology used in these pilot studies, along with their 
benefits/ drawbacks are outlined in table 4.1. 
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Method/ 
tool 
Belbin team 
profiling 
Document 
analysis 
Discussion on use Used 
further? 
Belbin team profiling and identification of extremes can be No 
useful and provide insights. The impact will depend on the 
role that the extremes appear in. For example, a very low 
score in the team-working role would be worrying. It is 
important to note that a person's score is likely to change 
throughout the course of a project. 
The Belbin tool may be useful for assessing teams in 
existence and analysing what additions need to be made in 
terms of training or personnel. To be used effectively, 
access to Whole teams would be necessary, which was 
difficult for the industry based case studies. It may, 
however, be useful for organisations which have identified 
issues with role definition and resource allocation. 
Document analysis proved very useful and insightful. Things Yes 
were certainly more difficult in the case where this was not 
possible. The analysis of existing documents aids in 
developing a view of the formal processes and approaches 
that a group or organisation uses to complete a project. It 
must be used in tandem with some form of user or 
stakeholder interaction, such as workshops, interviews or 
focus groups. Such a combination allows for views to be 
developed both on what the formal processes are (from the 
documentation) and also what actually occurs in the 
projects (from user discussion). This will be a useful tool, 
where documentation is available, in the subsequent 
industry based studies. 
It is worth noting that there are some disadvantages. One 
of the main disadvantages is that the documents have not 
been created for the purpose of the research, so will have a 
different focus and cannot be guaranteed to be complete 
or accurate. 
Multi-area The information gathered through multi-area investigation Yes 
investigation has proved useful. Through this exploratory analysis it has 
become evident that OM and DS have wide reaching 
implications. For this reason, investigating areas such as 
process and role allocation (which will affect an 
organisation's capability to make decisions), illuminates DM 
and its underlying issues, more so than simply focussing on 
the specific area itself. For these reasons, this approach 
formed the main base for the investigation of the 
subsequent industry based case studies. 
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Observation In the limited arenas provided by the pilot studies, No 
observation was a useful tool. However, due to the nature 
of the research, lots of observation would be needed in the 
industry-based case studies to obtain usable amounts of 
data. This was not practical within the scope of this Ph.D. 
research. 
Focus These were found to be very useful when key stakeholder Yes 
groups and groups or user groups are included. Focus groups or user 
interviews workshops allowed fruitful discussions between attendees. 
Structured interviews were too time consuming. Semi-
structured interviews were carried forward. 
GRAI GRAI may be a useful tool for highly structured DM in highly No 
structured organisations. It requires a large expenditure of 
time and effort to gather the necessary information to 
develop the models. 
Table 4. 1 Methodology discussion table 
4.7.2 Research contribution discussion 
These pilot studies led to contribution to the development of ToADS and produced 
some key initial findings, which were investigated further in the industrial studies. 
The next version (version 2) ofToADS, based on the output of these pilot studies, is 
provided in the next chapter (chapter 5). However, some of the key findings and 
contributions to the ongoing development of ToADS, which arose from these pilot 
case-studies, are outlined below (see also summary table 4.2): 
• Not all decisions are consciously made, creating a rich environment for 
miscommunication and emergent behaviour. It is usually the normative or clear 
choice decisions that are better recognised. Questioning about KDPs only 
seemed to confuse the issue. 
• Corporate and top level strategy is not always flowed down or instantiated in 
day to day activities, which can have a strong impact on decision rationale. 
• Small-scale organisational success with stakeholder involvement does not 
always scale up to extensive success and can have unexpected outcomes, 
meaning the right process may not work as expected if applied for misguided 
reasons. 
• Organisations may have OM or DS process in place, but they are not well 
understood or utilised. Using formal processes or systems can be seen as taking 
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time away from people's day job. Where the processes are implemented well, 
then such formalised DM can be useful. 
• No significant differences between industrial sector contexts were identified. 
Looking at the different projects, similar issues arose, suggesting the ToADS 
output would not be restricted to a single domain. 
The developments to ToADS include: 
• The framework categories (both the components of DMS and the things which 
affect or are affected by DMS) have been expanded, based on the original 
categories outlined in the meta-analysis. 
• Initially through the meta-analysis, the information requirements for the cases 
to be inserted into the database have been developed. The cases investigated 
in the meta-analysis have also been placed into the database. 
• The pilot studies have also highlighted some user requirements for ToADS (see 
section 5.2). This includes the fact that any DSS (Decision Support System) must 
not be time consuming and must take into account the whole DMS. 
The information and stakeholder interaction gained through the pilot studies also 
further defined the requirements for ToADS (presented in chapter 5). Along with 
the general feeling from the participants that they felt more comfortable with data 
collection methods that did not take too much time, it was also obvious that they 
would not use any tools which were too time consuming. 
It was identified in the studies that not all decisions were consciously made, nor 
did people tend to use support systems. This means that the final version of ToADS 
would have to be easy and intuitive to use, and compatible with other tools with 
which the users are already familiar. 
4.8 Summary 
This chapter has presented the pilot studies, which were utilised to develop the 
methodology for the main case studies (detailed in chapter 6) and also to develop 
ToADS. The status of ToADS at the end of this suite of pilot studies is detailed in 
chapter 5. 
The impact ofthe studies is summarised in table 4.3. 
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Pilot study Methodology impact 
Engineering Observation useful, but potentially 
student not practical for later studies. 
study Face-to-face contact tends to yield 
higher response rates. 
Bel bin team profiling is only useful 
where access to a full, existing team 
is available. 
Ergonomics Observation is difficult in busy 
student environments. 
study Direct questioning about decisions 
does not yield the best information. 
Belbin team profiling is useful as 
noted above, and is potentially not 
practical for later studies. 
Construction Document analysis is very useful 
pilot study with comprehensive documentation 
(providing the potential author bias 
is taken into account and necessary 
time and access is available). 
Workshops with multiple 
participants can yield valuable 
insight. 
Engineering Investigation of process and role 
pilot study elements provides useful inSight 
into DMS. 
GRAI is useful for specific KDP and 
decision centres} but is time 
consuming and does not take into 
account the wider view of the 
situation. 
Table 4. Z PoIot study summary table 
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ToADS and general research impact 
Some decisions are not 
acknowledged when made. 
Stringent OM or OS processes tend 
not to be well utilised. 
Time has a large impact on DM. 
Normative, choice decisions tend to 
be more recognised. 
Using DS can be seen as taking time 
away from the real work. 
Formalised DM processes can be 
useful if implemented well. 
Implementation of decision outputs 
can vary in different contexts. 
The impact of PSS (Product Service 
Shift) will vary between industries 
and organisations. 
DM is not an isolated process. 
Lines of authority can have a large 
impact on OM. 
Ella-Mae Hubbard 
5. ToADS Development 
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This chapter follows on from the initial concept development work presented in 
chapter 4. This chapter details the final requirements that emerged from the case 
studies, together with a full description ofthe main components ofToADS (Tool for 
the Assessment of Decision-Making Systems); these components were developed 
from the initial research work and then used to elucidate necessary information 
from the case studies (see chapter 6). Some refinement also took place following 
the tool's use within these case studies. 
This chapter is split into three main parts. The first, section S.l, introduces the 
requirements both for a decision support system (DSS) and also for the full version 
of ToADS. This is followed by section 5.2, which provides an outline of the overall 
ToADS. The last part of the chapter (sections 5.3 to 5.5) provides a description of 
the state of the main components of ToADS, the instances database, the decision-
making systems framework and the analysis subsystem. 
5.1 Tool requirements 
Requirements were gathered and detailed at two stages or levels during this work, 
at the more general DSS level first, followed by a more specific set of requirements 
for ToADS itself: requirements were elicited both from the literature search and 
the pilot case studies. 
5.1.1 DSS top level requirements 
The first set of requirements presented are for a DSS, given the context of the 
product-service shift (PSS). These have been identified through the literature 
review and also through stakeholder interaction during the case studies. 
These user-oriented DSS constraints provide a context set for ToADS. Although 
ToADS has not been designed solely to be a DSS, it will match some of the 
functionality and the final version of ToADS will fit into this context set of 
requirements. 
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Support collaboration/ discussion between colleagues during decision-making (OM). 
Support naturalistic OM processes. 
Support normative OM processes. 
Be biased neither towards computer nor human based OS (decision support) methods. 
Support individual and group OM. 
Support different OM processes. 
Support identification of consequences of decisions. 
Support reviewing decisions. 
Provide timely support. 
Not be time consuming to use. 
Inform the decision maker. 
Table 5. 1 DSS requIrements 
These propositions helped to inform the problem statement and to identify the 
needs to be addressed. As a reminder, this research aims to support the decisions 
being made within an organisation by aiding in the configuration of a DMS. A good 
DMS will help enable the right information to get to the right people at the right 
time and provide those people with the necessary capabilities, facilities and 
authority to make the best decision. 
S.1.2 ToADS requirement set 
The development of the above DSS constraints, along with the user testing, helped 
to define the requirements for a full version of ToADS (remembering that this work 
presents a prototype version of ToADS). These are presented in table 5.2. 
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Top level requirements. ToADS: 
Must inform the organisation on DMS: 
• Shall aid definition of DMS 
• Shall inform decision makers 
Must aid investigation of DMS: 
• Shall aid identification of component parts of a DMS 
• Shall advise on reconfiguration of existing DMS 
• Shall advise on configuration of future/ planned DMS 
Further requirements. ToaDS' 
Must aid investigation of DMS: 
Supporting the 
Configuration of DMS 
• Should aid investigation of the appropriateness of roles/ agents involved in a 
DMS 
• Should aid identification of roles/ agents involved in a DMS 
• Should aid identification of activities involved in a DMS 
• Should aid investigation of the appropriateness of activities involved in a DMS 
• Should aid identification of infrastructure and technology involved in a DMS 
• Should aid investigation of the appropriateness of the infrastructure and 
technology involved in a DMS 
• Should aid investigation of the appropriateness of knowledge and information 
needed within a DMS 
• Should aid investigation of the availability of knowledge and information needed 
within a DMS 
• Should aid investigation of the impact of the position in the lifecycle 
• Should allow consideration of external issues 
• Should aid investigation of the impact of attitude to collaboration 
• Should aid investigation of the impact of risk culture 
• Should aid investigation of the impact of organisational structure 
• Should aid investigation of the impact of level of DM 
Must provide access to examples: 
• Should provide examples from historical cases 
• Should provide internal and external examples 
• Should provide examples from both success and failure 
• Should allow for past, saved cases to be retrieved for comparison 
Must aid analysis of specific organisational issue/ incident/ activity: 
• Should provide a broad view of the case 
• Should allow analysis of different views of the same case 
• Should allow for comparison between different views of the same case 
• Should allow for comparison with other cases 
• Should allow for positive and negative cases to be analysed 
• Should document cases 
Must be applicable to a wide range of users: 
• Should not be industry specific 
• Should not be organisation specific 
• Should not be function specific (e.g. not specific to engineering) 
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Must provide a useful output: 
• Should provide a repeatable output 
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• Should be clear with respect to the aims of the output (advice for development, 
not target solution) 
• Should highlight key areas of concern for DMS 
• Should suggest prioritisation of issues 
• Should provide simple overview output with supporting detail available 
• Should provide both theoretical and practical advice 
• Should provide constructive advice 
• Should allow lessons learned to be captured 
• Should allow learning from lessons learned to be implemented in new projects 
• Should encourage inter-organisational experience and lesson sharing 
Must be usable: . 
• Should display information to user with clarity 
• Should allow the user to use the tool with standard computer peripherals 
• Should not be platform specific 
• Should provide integrated help and guidance on use 
• Should provide hints and tips to the user 
• Should not require expert use 
• Should not require dedicated software 
• Should not be time consuming 
• Should not require substantial resource 
• Should be easily available 
Must provide up to data information 
Should allow for multiple users 
Should be integrable with existing technology 
Must allow input and output of information: 
• Shall allow user to input information 
• Should allow for incomplete cases to be retrieved 
• Shall output information 
Must allow storage of information 
• Shall allow for complete cases to be saved 
• Should allow for incomplete cases to be saved 
• Shall store data efficiently 
Must be secure and reliable: 
• Should provide traceability for advice sources 
• Shall provide necessary security for proprietary information 
• Shall provide necessary security for personal information 
Table 5. 2 ToADS requIrements 
Validation of the prototype ToADS, outlining how these requirements have been 
(or how it is anticipated they would be) realised is provided in chapter 7. 
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5.2 System outline 
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This section outlines the tool as a whole. Figure 5.1 shows the system at a top level 
with its main inputs and outputs. 
ToADS system boundary 
Organisational _ ....... 'W. 
situation 
External 
-...'t 
example 
Nct.es: ·Instanr(!~ databaH! r3ft be 
interrogated iar 'quk.k hit' anilfy,.i:; 
Figure 5. 1 System outline 
FmmeworklOf (w/em 
0/ gOfjj5l)[iono/ Si; uMicm 
HISfO(jcalj other /flstOr1tt'S 101 
comparison 
5uflqesteil tOOlS & injolffwUQ(1 
for ri~k mtlnoqement 
" ,! 
, I 
--...,.."., Advice 
Detail JorclJrrent o(qanisG!TOf'lC,' 
51(1,)0[;'011 to be :stored r(j It'lslOnce$ 
databuse for futUfl;: use Gild ft:fereflCf!, 
The planned function of the output tool is to aid! provide guidance to an 
organisation, including: 
• Consideration of how a capability system should pass through its lifecycle and 
will be impacted by the DMS. 
• Being employed where necessary to configure DMS (which may need to be 
configured at different stages ofthe lifecycle). 
• Dynamic reconfiguration of the DMS. 
• Identification of issues (but not the solution). 
A fully developed version of ToADS could also target the provision of a predictive 
tool for the design and configuration of DMS, for a given organisational scenario, 
which would also allow for captive and assessment of lessons learned. 
ToADS is not a tool that designs effective DMS, nor does it suggest an outline for 
the perfect DMS. For these types of problems, one size does not fit all - DMS will 
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vary between and within organisations. The function of ToADS is to provide more 
information to an organisation about their DMS, to enable them to make more 
informed alterations and adaptations to better achieve their overall aim. 
One of the key changes to ToADS following use during the case studies was the 
introduction of the analysis subsystem. The aim of this is to help formalise the 
analysis and to provide more meaningful outputs. It was found through the studies 
that the output from the previous version of the tool was not well understood and 
took extensive explanation to convey the value of the information presented. 
Linked to this analysis subsystem were alterations to the instances database 
(previously titled incidents/ accidents database) to allow for easier comparison 
analysis. To meet some user requirements identified during the case studies, a 
'quick hit' analysis was introduced. This allows the instances database to be 
interrogated for information without the need for a detailed organisational 
situation to be developed. 
5.3 Instances database 
This section details the instances database. The instances database was developed 
initially in Microsoft Excel as a mechanism to store information from the accident 
cases used in the meta analysis (see section 4.1). As work progressed through the 
empirical studies, the instances database was augmented. The instances database 
was iteratively updated and adapted throughout the pilot studies and transferred 
to the database specific software FileMaker Pro. FileMaker Pro is a cross-platform 
relational database application. 
A sample entry from the instances database is included in figure 5.2. 
The intended use of the instances database is to provide a means to record 
identified, analysed cases for future reference, in a lessons learned capacity. In this 
way, it also provides a source of reference cases. For example, when analysing a 
new case to investigate the DMS involved, the incidents database will provide 
information on historical cases, which may have occurred within the organisation, 
from another organisation in the same industry, or from a different industry 
sector. These suggested cases will provide relevant contextual information for the 
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current situation being analysed. Following on from that, information about the 
current situation can be saved in the database for future reference. 
CaselD 001 
CS5e Narru! Ariane 5. 
De'icrlpUon The 1996 maiden flight of the Ariane 5 launcher ended in failure, After 40 
seconds it veered ofl its fJi.ght pati'i, broke up and exp:oded. 
Accident report describes what tney caPe!! the 'primary cause' as the complete 
loss ot guidance and attitude information 37 seconds after start of main ignition 
seauence (30 seconds after lift ott). 
Loss ot information was due to specification and design errors in software of 
inertial reterence sj'Ste'11, 
S,oftware Was reused from Arians 4 and inc[uoed functions: 1,"1at were not 
nee:!ed for Ariane 5 but were leH in for 'commonallty', In tact, these functions 
were used but not required for t1-;e Ariane 4 either. 
This is an ex:ampJe 01 a system failure. Components did not fail in terms et not 
satisfying their specified requjreme~. The individual components operated 
exactly the way (ne designers had planned - the problems arose in the 
unplanned or misunderstood effects of these component behaviours on the 
system as a whole, that is. errors in the system design rather than the 
component design, including errors in allocating and tracing the system 
functions to the ind;vidual CC1mponents. 
UJec-ycle Upgrade and Use 
AI The Ariane 5 aCCldem report r.otes mat according to tne culture 01 ~ 
the Anane program, only rartdom fallures were addressed and 
!~I they were primarily hand1ed with redundancy. 
",. 
:!:! 
,\2. The Anane 5 accldenl report notes tnat soft'h'are was assumed to 
lill be correct until it was shown to be faulty. 
lil: 
A3 The Ariane 5 software invoived in the loss was reused from me I Arlane 4 (s:lttware reuse or changes Without appropriate safety analysis) 
t 
Figure 5. 2 Sample entry from instances database 
The entry for each case study contains: 
• Case ID - this is a unique identifier, used to identify each case and fundamental 
to the construction of the database. 
• Case name - a descriptive name to help the user identify the case. 
• Description - brief facts about the case as an aide memoire and to provide 
context. 
• Lifecycle - the section of the ElC (Engineering Life Cycle) under consideration 
in the case. 
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• Issues - an issue identifier and brief description relevant to this case. 
5.4 The DMF subsystem 
This section will outline the development of the DMF (Decision-Making system 
Framework). The DMF allows data to be captured and represented in a common 
format. The subsystem outline is provided in figure 5.3, with a snapshot view of 
the framework in figure 5.4 and full version in figure 5.5. 
DMF 5iJb-5ystem boundary 
.- -------------------------------
I iJ:;t cd ,',,,.it:n:i!lf:ld ,'j.i,:.16 
Organisational ~;..' 
Situation ' 
1---'--,> Populated 
framework 
1. 
I 
_______________________________ J 
Figure 5. 3 DMF subsystem 
Feature of DMS Issue 
Poor rolel agent definition 
A. Agentsl Roles Poor role/ agent allocation 
Non-availability of rolesl agents 
Inappropriate activities 
B. ActivIties 
Poor definition of activities (unclear 
or fuzzy boundaries) 
Inappropriate infrastructure 
C. Infrastructure 
and Technology 
Non-avaElabllity of infrastructure 
Inappropriate knowledge and/ or 
information 
D. Knowledge 
and Information 
Non-availability of knowledge and/ or 
information 
Figure 5. 4 Snapshot view of the OMF 
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Figure 5. 5 Full version of the DMF 
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The intended use of the DMF is to guide the orientation of identified issues with 
respect to component parts of a DMS (Decision-Making System) and the areas of 
impact or influence. The output of the DMF provides a common representation 
format. 
The DMF is a reference table with associated visualisation that is composed of four 
columns and four rows. The row headings are the component parts of a DMS (see 
section 2.5): 
• Agents - software or human agents who are involved with decisions. 
• Activities - the decision-making activities that enable decisions to be made. 
• Infrastructure and technology - necessary for decision-making. It is the 
distribution of the knowledge and information across the organisation (the 
knowledge configuration) that will determine the quality of decision-making 
processes and of the decisions made. 
The column headings are those variable which are external to any single DMS, but 
which have the potential to impact on the performance of the DMS: 
• Internal/ contextual variables - this refers to the internal position of the 
organisation on their engineering lifecycle (ELC). An organisation will have 
different concerns during design to those during operation, for example. 
• External! environmental variables - this refers to variables external to the 
organisation. This may include industry standards or legislation and also 
interaction with partner or supplier companies. 
• Organisational culture - refers to how an organisation is set up, it considers the 
organisational structure, flexibility and collaboration (and the associated 
barriers to these) both internal and external to the organisation and the level 
of risk taken by the organisation. 
• Level of decision making - whether the decision-making is at a strategic, 
tactical or operationalleve!. 
How issues are represented on the DMF is shown in the following chapter in figure 
6.4 and associated table 6.2. 
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5.5 Analysis subsystem 
The purpose of the analysis subsystem (see figure 5.6) is to convert the populated 
framework that is the output ofthe DMF subsystem into useful outputs in the form 
of suggested tools, key issues and information for risk management. The need for 
such a subsystem was identified through stakeholder interaction during the case 
studies. 
Analysis subsystem boundary 
Populated __ -+, 
framework 
fey ISSiJeS 
__ ->- Useful 
tool£ 
f-----------~ Ke'{i:ssl.les 
Information 
Historical! ".---;,. for risk 
other -.,---------------.t manay,ement 
instances 
Figure 5. 6 Analysis subsystem 
The inputs to the analysis subsystem are the key issues formatted on the DMF and 
also other cases, which may be relevant from the instances database. How the 
transformation of these inputs is carried out to formulate the outputs is the major 
area for future development. Currently, key issue areas are identified as those cells 
in the DMF which contain the most issues. These are then compared to other 
instances where cases have the same key issue areas. 
The outputs from the analysis subsystem are: 
• Key issues - many issues are identified for each case, the analysis subsystem 
identifies which of these are the most significant. Any future development of 
ToADS would need to adapt this and perhaps consider attributing (or asking 
the user to assign) a significance rating to individual issues. 
• Information for risk management - building on the identification of key issues, 
ToADS produces information relevant to risk management. It does this through 
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the lessons learned functionality, identifying other cases with matching key 
issues and they using the information from these cases to identify potential 
risks. 
• Useful tools - again, following the identification of key issues, ToADS suggests 
tools that may be of use (such as the Role Matrix Technique). A final version of 
ToADS would include a suite of useful tools for each cell, to then be matched to 
key issues Some suggested tools have been included at this stage, although 
their coverage is currently limited. 
A report for each case can be produced through the interface bet ween the analysis 
ieved within the 
n future work. A 
subsystem and the instances database. This is currently ach 
database software {FileMaker Pro}, but would be developed i 
sample ofthe current report format is presented in figure 5.7. 
Decision-Making System Configuratio n Report 
ReporllO 1 csselO 001 
rnenL This report is the output of your decision-making systems assess . 
Incident and Kev Issue Areas 
The specific case whj.:;h has been assessed is Ariane 5. 
The key issue areas ider.liIled a,e:IKM 0'9 
Act Int 
Useful Tools 
The fol;oWlng tools may be of Use for yourlwrL~erwo,k: IKM Tool . 
Pro Mapp'"g 
Figure S. 7 Configuration report - output from the analysis subsystem 
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ToADS was initially developed through the pilot studies and early literature studies. 
The format underwent testing and was used as a guidance structure for the data 
collection which was completed through the case studies outlined in chapter 6. 
Following the completion of the case studies and subsequent refinements, the 
prototype ToADS was validated and the process of use better defined. This is 
described in chapter 7. 
- lI5 -
Ella-Mae Hubbard 
6. Case Studies 
Supporting the 
Configuration of DMS 
This chapter introduces empirical work following on from the initial exploratory 
work and pilot case studies presented in chapter 4. ToADS (Tool for the 
Assessment of Decision-making Systems), presented in chapter 5, was used as a 
framework to identify the necessary information from these case studies. The 
chapter is split into three main sections. Section 6.1 provides an overall 
introduction to the studies and sections 6.2 and 6.3 respectively go on to detail 
each industrial case study in turn. 
6.1 Case study introduction 
6.1.1 Introduction 
The early prototype version of ToADS (developed based on pilot case studies and 
literature review described in chapter 4), was tested and iteratively refined 
through two industrial studies had 4 aims: 
• To solve a problem that had been identified by the organisation concerned, 
• To elaborate ToADS, 
• To test and validate the tool, and finally, 
• To explore further aspects of the process of using ToADS (see chapter 7). 
As such, the early prototype version of ToADS was used as a type of methodology, 
to guide the case study investigations. 
Both studies focused on the pre-bid stage of a large multi-national engineering 
organisation's operations lifecycle (Le. the process of deciding whether to bid for a 
contract, tackling problems at different levels of activity decomposition. The 
organisation's engineering life cycle (ElC) stages relevant to the case studies is 
provided in figure 6.1. 
This particular part of the ElC is critical; it is here that bids for work are decided 
and risk/ reward considerations are fundamental. 
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The key focus within both case studies has been on reviews within the lifecycle. 
Reviews are a very important area for decision-making (DM) as the decisions made 
during the reviews can significantly change the course of a major engineering 
project and the organisational structures, processes and roles established to 
deliver the project. Reviews tend to fall into three main categories: technical, 
design and contract reviews, and occur both within and between stages, i.e. 
reviews have to be passed before the project can progress within or between 
stages (see figure 6.1). 
6.1.2 Case study context 
Both of the case studies were set within the same host organisation. The 
organisation is a major, international, engineering organisation. The organisation is 
beginning to experience the product-service shift (PSS), and hence is relatively new 
to bidding for capability projects and is keen to investigate potential financial 
benefits and risks from such a change business. 
The organisation operates projects based on a typical engineering life cycle (ELC, a 
basic view of which is presented in figure 6.1). Each stage in the lifecycle contains a 
number of reviews to ensure the project is progressing according to requirements 
and meets necessary standards (both internal and external). 
6.1.3 Methodology 
In the studies, a qualitative approach to data gathering was used. Both of the case 
studies used ToADS as a basic guide for data collection. Data was collected to 
enable issues to be identified and detailed and decision-making frameworks (DMF) 
to be created. 
To support this, a number of data collection methods were employed, including 
document analysis and workshops and/ or interviews. The basic methodology is 
outlined in figure 6.2. 
- 118 -
-o 
~I 
Ella-Mae Hubbard 
1. Problem 
Idcntihcation 
2. InItio! stc~s 
,,-' '-, 
3. Identify 
pa rti ci pa !'lts 
4. Brief partidpants 
Supporting the 
Configuration of DMS 
tnduding: 
• contact wit'!1 keo,l C,:JT1Jta.ct J::1:!fSOn 
.. g=therformal dncumentiltioll 
• creat.:; 'cerrporate base! iTle5' 
• feedback 
Number of p<!rticipants,. nlUmber of 
____ ""'!o'!o Ioc<::tiom .. Some d10se e-mail c(.mtact~ 
some fi!'rn-to-facei con!;:;ct eJti"Jer in a 
workshop or on cn:e to one basis. 
Sa. Disseminate 
emall workpack 
Sb. Conduct 
interview! workshop 
.. +,-", .. _. 
6. Compile outputs 
7, Disseminate to 
p3 rticipants for 
, acre pta n re . 
"",,"'ry"',---, .. -~ .. ,-~ .. ---~--~-
8. Feedback to key 
contact 
9. Analyse data for 
DM res!"arch 
Key: 
Induding: 
• anaiysis tar mgai!lisa'rior. 
.. c1Jmparison b-etween different 
",ieM and to the base!ine 
Com:plnti!d witi1~n the 
crganisati{J"l by' th.;:: J.:ey 
contact. 
Information feedb<lck 
Figure 6. 2 Methodology application for case studies 
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Basic information was collected, including elicitation of general views on current 
DM and decision support (DS) processes and practices. The next stage of data 
collection looked at a number of aspects ofthe business process: 
• Activities and roles involved, 
• Information flows, 
• Competencies (both those exhibited and those required), 
• Decision points, and 
• How all these differed in practice with respect to the formal organisational 
boundaries. 
Views were gathered from across the operating or business groups within the 
organisation to develop a 'big picture' view of the various impacts on DM and 
allow for comparison (further detail is provided in appendices E and F). 
Both studies were carried out in collaboration with a separate research project 
(also from the Organisation Systems Engineering Research Group) which focused 
on the wider topic of enterprise modelling (EM) techniques and which made use of 
the findings of these case studies. From the viewpoint of this thesis, the data and 
information gathered were analysed to develop the current view held within this 
thesis on the components of decision-making systems (DMS), but perhaps more 
importantly to refine and test ToADS (specifically the framework subsystem) and to 
develop some aspects of ToADS (such as the introduction of the analysis 
subsystem). The case studies were recorded for inclusion within the instances 
database (previously called the accidents or incidents database), and hence aided 
in checking what sort of information needed to be gathered (the type and amount 
of information), thus fulfilling some ofthe aims listed above. 
6.1.3.1 Initial steps 
Following the problem identification (step 1, figure 6.2)' which was completed 
within the organisation, the case studies began by gathering and analysing relevant 
formal documentation (step 2, figure 6.2). The output from this analysis was 
baseline models of the process under review for each study (and information flow) 
and role allocation. These models were validated by the organisation's primary 
contact for each study. This validated model was then termed the 'Corporate 
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Baseline Model' as it reflected the corporate view of the activities. A full 
description of the models produced for each study can be found in appendices E 
and F respectively. Information was gathered about the role allocation, 
organisational processes and information flow to provide insight on the 
components of the DMS in place for each study, namely the DM agents, the DM 
activities and the knowledge and information needed for decisions to be made 
(following the ToADS format). 
Participants were identified by the primary contact within the organisation. The 
types of participants necessary for the research were identified, with the request 
for a number of different representatives with different experiences and 
workgroups involved in the relevant processes being passed to the primary 
contact, who then invited the representatives to participate in the case study. A 
briefing document about the workshops was prepared and distributed to 
participants along with the corporate baseline model so that participants could 
understand the purpose of the workshops, the input required from them and to 
enable the participants to familiarise themselves with the modelling techniques. 
6.1.3.2 Workshops 
Following the initial steps, information was gathered from the participants -
including participants from multiple nations (steps Sa and Sb in figure 6.2); they 
were invited to choose their preferred method of contact, whether this be via 
em ail, telephone or face to face (either on a one-to-one or group basis). The 
sampling of participants was wide enough to make observations and to draw 
conclusions, particularly when the observations of this work indicate similar 
patterns of behaviour and similar issues to that, which had emerged from previous 
work in several projects conducted by the Organisation Systems Engineering 
Research Group within the same organisation. The work packs used in these 
workshops are included in appendices E and F. 
The workshops conducted provided a useful forum for knowledgeable people to 
come together and discuss how they use existing processes. Since the workshops 
were conducted by an 'independent' agent (i.e. not an employee of the 
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organisation), the people were free to elaborate on both strengths and 
weaknesses experienced, which did occur in the discussions. 
Where group workshops were conducted (often with some participants joining by 
conference call), the number of participants at each workshop was restricted to no 
more than six, such that adequate time could be afforded to both controlling the 
input and listening to points raised during discussions among the participants. 
Participants were also informed that they could 'bring to the table' views from 
others in their teams who could not attend. 
Work packs were created for each participant to use as a guide to the workshop 
and also for them to complete and to record notes (a sample of the work pack has 
been included in appendices E and F). These were used to enable participants to 
follow the session and afforded the opportunity to record individual perspectives 
as well as the consensus views from the group discussions. The workshops yielded 
audio recordings and summary notes, recorded and edited by the researchers. The 
notes were sent back to the participants for their validation. 
The workshops were analysed in a number of ways. The notes taken about the 
discussions during the workshops raised a number of anecdotal issues that were 
either raised by individuals or. arose during discussions. Where consensus within 
the workshops could not be reached, different viewpoints were recorded (where 
agreement on a single view was reached this was through discussion between the 
participants). This allowed comparisons of the different models proposed within 
the workshops, various models across the workshops and differences with the 
baseline corporate model. The different models were compared for commonalities 
(e.g. in the activities, in role allocations, information flows etc.) and differences. 
6.1.3.3 Compiling outputs 
Along with the purpose of using the case studies to further the development of 
ToADS, it was also important to produce outputs of use to the case study 
organisation. To this end, the organisation was provided with contextual 
information, non-attributable to specific pa rticipants (this was compiled from the 
outputs presented in appendices E and F). 
Further detail on the outputs produced is included below: 
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o IDEFO notation used. For each activity, there are inputs (what is being 
used by the activity), outputs (what are the outcomes/ products of the 
activity), mechanisms (things that are enabling or doing the activity) 
and controls (things that can start or stop the activity). 
o Activities are displayed as sequences and can be decomposed. 
o Many of these activities require decisions to be made to progress, and 
thus can be considered DM activities. 
• Role modelling: 
o The Organisational Systems Engineering Research Group at 
Loughborough University have been developed a technique called the 
Role Matrix Technique (RMT) for over a decade (Call an et aI., 2006). 
This enables the modeller to represent the nature of involvement of a 
role for a given activity and also how roles are interacting. This is very 
important from a DM point of view to aid in investigating the DM 
agents. The correlation between this role modelling and the process 
modelling allows investigation of DM agents, activities and knowledge 
and information necessary and produced. 
o For these case studies as Role Cross Hair Diagram was created (Callan et 
ai., 2006). For each activity in the IDEFO process notation, a quadrant is 
added directly below the activity. Roles are allocated to the activities 
depending upon their involvement (Le. whether they are in control of 
the activity, executing the activity or providing some form of advice). 
o Where consensus could not be reached in a workshop, multiple cross 
hair diagrams were included to record the differences in view. 
Models for these areas were created and formalised following the workshops and 
disseminated with a brief report to participants to verify that this was an accurate 
representation of their views. The information and models created are included in 
appendices E and F. Examples of these outputs are provided for each of the case 
studies in sections 6.2 and 6.3 below. 
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Following validation of workshop outputs, the data and information gathered were 
analysed for contribution to the further development of ToADS and supporting 
research. This section, therefore, addresses the decision modelling and analysis, 
which formed a part of this study and is pertinent to this thesis. 
To augment the general information collected about various aspects of the DMS, a 
set of questions about general feelings towards DM processes and decisions was 
included in the packs sent to participants. A copy of these questions can be found 
in the case study appendices (appendices E and F). with responses gathered on a 
likert scale (Stanton et aI., 2005) where participants are asked to scale their 
agreement with a number of statements (from strongly agree to strongly 
disagree). The questions assisted in the identification of the key issues. 
Understanding the key issues identified within this modelling will aid in ensuring 
those involved with any part of DM are equipped to make the best decisions 
possible for the organisation. The statements and questions were developed from 
the DSS (Decision Support System) requirements (see section 5.2) and in line with 
the focus of KIM (Knowledge and Information Management Grand Challenge) task 
3.3 (see sections 1.2.2 and 2.4). 
Within the analysis and interpretation (detailed with the specific case studies in 
sections 6.2 and 6.3), focus was on DMS rather than on the specific processes for 
DM. KDP (Key Decision Points) were investigated where possible. 
6.2 Case study 1 
6.2.1 Introduction 
The aim of the case study was to investigate the DM processes within a series of 
organisational reviews, within the organisation as outlined in section 6.1. The study 
also allowed for the development of ToADS (refinement based on this work is 
detailed in chapter 7). Finally, the detail was added to the updated incidents 
database. 
From the organisational point of view, the study also aimed to solve a perceived 
problem stated as the 'congestion' within the pre-bid stage of the organisation's 
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ElC, as displayed in figure 6.1. The bid proposal process is concerned with the 
planning and preparation of bid proposals and their subsequent approval. The 
process is heavily burdened with a number of different types of reviews (mandated 
or otherwise) and is where the first independent reviews take place. A number of 
very important decisions are made throughout this phase. 
The organisation had identified a number of issues associated with the identified 
problem prior to the study starting: 
Overload in terms of the number of reviews conducted during the stage of the 
lifecycle - this workload issue has the potential to prevent the best people being 
available to do the reviews and make the necessary decisions. Also, with so many 
reviews, there is little time for any outputs from decisions to be implemented or 
actioned, prior to moving on to the next stage. 
Each type of review has a different customer (commercial, technical and project 
management) and reviews are not linked, leading to duplication of work and 
multiple/ duplicated information flows. Different customers also mean different 
priorities and hence confused trade-off decisions. 
Unclear role boundaries for those involved, can lead to the best people not being 
in the right place at the right time, and not having the right briefing beforehand (in 
this case, because they have not been identified, rather than not having the time. 
It was ascertained in the pilot studies (chapter 4) that direct questioning about 
decisions, DM and associated process was not the most productive method of data 
gathering. For this reason, a number of areas were investigated to allow for 
information to be gathered on the wider DMS. General organisational information 
was also captured to help provide context for the work and proposed solutions, 
mainly from situational evidence from interaction with the participants in the 
workshops. 
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The methodology used for this case study is outlined in section 6.1.3 and figure 
6.2. In this case, six workshops were carried out, each with representatives from a 
different review that takes place during the bid stage of the ELC under 
consideration. The workshops began with a questionnaire to gather contextual 
information about the participants (samples are included in appendix E). 
The workshops involved a total of 25 participants from the UK and USA. The 
participants from the USA represented groups that were new to the organisation. 
They had previously used different lifecycle management (LCM) processes to the 
formal ones mandated by the organisation; as such they brought very different 
views to the workshops. Two researchers, one acting as facilitator and one acting 
as support ran each workshop (with these roles switching between workshops). 
The support role operated the recording of the sessions, the computer (which had 
a copy of the work pack and models that were updated during the sessions, see 
appendix E) and took notes based on the discussions. Notes from the participants 
were also collected. 
The key information is presented in section 6.2.3. The outputs were various sets of 
contextual models of process and role as well as anecdotal based evidence of 
issues encountered. Examples are included in appendix E. 
6.2.3 Key information gathered 
6.2.3.1 Decision-making systems 
Evidence from both the engineering pilot studies and this study suggest that 
people are not always conscious of the decisions they make. In this study, one of 
the groups in one of the workshops said that they could not discuss DM issues with 
respect to one of the reviews, as no decisions were made in that review. This point 
of view apparently arose from the fact that this was a status review and therefore 
discrete decisions were not made - however, a review meeting is a DM process by 
default (Stevens et aI., 1998). Miscommunication problems could obviously arise 
under these circumstances. 
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The identified issues were categorised using the early version of ToADS. The 
graphical representation of this categorisation is shown in figure 6.3, which is a 
representation of the interpretation of key issues identified by the organisation 
before the study started (issues detailed in table 6.1). 
. 1. 2 . 3. 4. Level of 
, 
Contextual Environmental Organisational OM 
, Variables variables Culture 
.... 
A. Agentsl 0 @ 
Roles 
B. Activities 0000 0 0 p 0 0 
c. 0 0 
Infrastructure "',Y .. ;3!" '1'" • .•.. . ... 
D. Knowledge 0 
& 
Information c:: ..•.. '; ::> 
Figure 6. 3 DMF (Decision-Making systems Framework) representation of issues from case study 1 
(issues detailed in table 6.1) 
Box Issue 
A1 Bid Phase review chair is sometimes involved too late - good practice to 
include them early, which can reduce demands and increase 
understanding. 
A3 Different people with different requirements for the output of the review. 
B1 Internal audit finding - review chairs performing wrong review. 
Purpose and value of technical bid review (TBR) not understood. 
Lack of quality and control of output from phase and other reviews. 
It was not clear whether all the reviews were adding value. 
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B2 Emerging issue was how to work jointly with customer without adding 
more to each others processes. 
Reviews included within the phase were not bench marked against other 
companies. 
B3 There was a lack of training for review. 
There was not enough focus on prioritising opportunities and resources. 
Different units had different rules regarding the implementation of LCM. 
Cl Problems with the way resources were organised internally - many 
reviews in short space of time and lack of flexibility in resourcing and 
training of assessors. 
Lack of investment at front end of lifecycle. 
C Limited resources (hence ellipse - seen important for all infrastructure). 
D1 Lack of lessons learned from phase review process. 
D2/D3 Independent chairs and assessors sometimes demand additional 
information that is not really required for the bid. Sometimes they insisted 
on a particular format, not formally used. 
Table 6. 1 Issues from figure 6.3 
6.2.3.2 Product-service shift 
Much of the anecdotal evidence gathered through interaction with the participants 
focused on the PSS. It was noted that whilst providing a service rather than 
delivering a product was familiar to the organisation in question, it is only in the 
past 2-3 years that contracts have been written (and bid for) within a service based 
paradigm. This represents a change in focus; while the client is most concerned 
with the availability of the capability (e.g. 'power by the hour' or 'always 
available'), the supplier is also concerned with long term cost containment and 
profit. This represents a new knowledge capability that is needed in engineering, 
with concomitant processes to capture this. For the bid process, this all represents 
a new set of risks for which the analysis is not as mature as would be desired, 
because the company was still acquiring and organising this knowledge. This added 
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to the congestion problem and increased the impact on DM, as it can affect the 
implications of decisions made. 
The uncertainty introduced by the paradigm shift encouraged more overlaps in 
reviewing a bid as it progresses. It had generated extra reviews and even more 
overlaps of reviews, and this had been exacerbated by the technical team (the 
engineers) wishing to have more of a final say on the bid, irrespective of both the 
reviews carried out by the commercial team (the marketers) and of the outcomes 
of the final phase review. In such a situation it quickly became clear that everyone 
wanted their input to the decisions and there was a lack of clarity as to who had 
the responsibility to make the decisions, and possibly a lack of trust in other 
decision makers. 
There were also issues arising from the fact that the case study organisation was 
experiencing the PSS at a different stage to the other organisations in the supply 
chain. It was felt that whilst the case study organisation was keen to offer 
capability solutions, some of their customers were still looking for an 'order from 
stock catalogue' facility. 
6.2.4 Conclusions 
It was felt by the organisation that the work undertaken and recommendations for 
change presented useful insights and had the potential to aid the process in terms 
of issue clarification, revision of process and role models and encouragement of 
tailoring. The main outputs were delivered to the organisation as a result of this 
case study (further detail in appendix E): 
• Identified commonalities and differences between viewpoints (both within and 
between the different focus groups). 
• List of identified issues. 
• Revised set of baseline models for the pre-bid process 
o The main changes were: the identification of more inputs and 
information flows; terminology changes to aid understanding for 
stakeholders. 
• Suggested changes for the configuration of reviews in the process. 
• Further recommendations for change,including: 
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o Production of a tailoring guide to adjust the generic process to the 
characteristics of the bid under consideration - giving people better 
guidelines for the kind of review being undertaken allows more 
consistency and understanding in executing the tailoring. 
o Effective dissemination of the purpose of the reviews for the benefit of 
both the pool of reviewers who might carry out the reviews, and also 
those being reviewed - will reduce confusion and better inform the 
decision makers. 
o Improved resourcing - ensuring that the right people with the right 
skills are available to make the best possible decisions. 
o Left shift/ better planning to de-clutter and re-sequence the reviews -
understanding of what needs to be done, when, in what order and why, 
will help with the DM process. 
o Managing the interfaces with the extended interface - better 
relationships with partners and other parts of the organisation ensures 
that up to date information is gathered and that relationships can be 
maintained. 
o Changing the culture -legacy cultures are affecting the approach to bid 
reviews, and not always in a beneficial way. 
o Producing and maintaining 'living' documents/ information - rather 
than producing specific resources for reviews. This will mean 
clarification of information flows so that people are aware of 
information sources and subsequent purposes of any information they 
produce. 
o Dealing with different contract types - links to tailoring. One size does 
not fit all and can lead to problems. 
The results of this study were used to progress and refine ToADS. The 
requirements set was refined, for example, ToADS must provide a useful output -
the output from ToADS was not fully understood by the people involved in the 
study. The fact that the workshops produced multiple viewpoints on the same 
incident also led to the requirements that ToADS should allow analysis of different 
- 130-
Ella-Mae Hubbard Supporting the 
Configuration of DMS 
views of the same case and should allow for comparison between these different 
views. The role and understanding of decision processes within the DMS was 
investigated, along with the impact of the PSS. 
The findings from this study suggested an organisational requirement for tailorable 
organisational processes with appropriate guidelines to allow for configuration and 
reconfiguration along with the need to make DS integral within the organisation's 
processes. This contributes to the requirements for ToADS: ToADS should be 
tailorable for different circumstances; ToADS should be integral with organisational 
processes. Furthermore, it was clear that for acceptance by the users, any tool 
should have clear objectives and a transparent link to the value they add. 
6.3 Case study 2 
6.3.1 Introduction 
As with case study 1, the aim of this case study was to investigate the DM 
processes within a series of organisational reviews, within the organisation as 
outlined in section 6.1. The study also allowed for the development of ToADS 
(refinement based on this work is detailed in chapter 7). Finally, the detail of the 
study was added to the instances database (in the format shown in section 7.3). 
This study arose based on the work in case study 1, with the organisation wanting 
to extend the perceived benefits experienced. 
From the organisational point of view, the study also aimed to solve a perceived 
problem, which focused around a lack of understanding of the training 
requirements for those involved in a particular review. The Technical Bid Review 
(TBR) is one of the reviews that takes place during the pre-bid stage of the 
organisation's ELC (see figure 6.1). The TBR is a key, mandated process within the 
organisation. 
The purpose of the TBR is to provide an engineering endorsement for the 
submission of the bid to final approval. The aims are to accept ownership of the 
proposed solution, ensure appropriate balance between risk of execution of the 
engineering activity and the market pressure to meet customer requirements in a 
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competitive environment and to ensure that the estimated cost, schedule and 
resource commitments for engineering are realistic and consistent. 
A total of 16 participants from six different Business Units (BUs) within the 
organisation were consulted during the case study. This was a different set of 
people to those consulted during case study 1. 
6.3.2 Methodology 
The methodology for this case study is outlined in section 6.1.3 and figure 6.2. As 
outlined in figure 6.2, two stages of data gathering were used; a questionnaire to 
gather contextual information about the participants followed by interviews/ 
workshops (further details can be found in appendix F). 
The first stage of the study participation consisted of an em ail-based set of 
questions. A questionnaire was produced in order to ascertain the context and 
background from which the responses from individuals came. This was followed 
with workshops, conducted either by email.orindividualorgroupinterview.This is 
an expansion of the basic methodology used in the first case study, which used 
only group workshops. The outputs from this second stage were various sets of 
contextual models of process, role and competency as well as anecdotal based 
evidence of issues encountered. 
The analysis of these data is presented in appendix F and this was subsequently 
provided for the organisation's use. 
6.3.2.1 Competency modelling 
Competency modelling was introduced for case study 2. It was used within the 
context of the work on ToADS to give further information about the roles involved 
with the DM and to investigate whether the people and roles involved with the 
process had the appropriate competencies in order to make the best possible 
decision. The actual modelling was carried out by other researchers with the 
research group using an internally developed approach (Siemieniuch and Sinciair, 
2002, 2004). 
Competency is understood by the Organisational Systems Engineering Research 
Group at Loughborough University to be a measure of both the knowledge 
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required to carry out a task as well as the skill/ experience required to apply that 
knowledge appropriately in the scenario of interest. 
An initial list of knowledge nodes was taken from the primary contact brainstorm 
on capability along with the envisaged roles who require it. This type of modelling 
was not used within the first study. The information gathered was used to 
investigate the implications of competency levels within the DMS - for example, 
was it obvious that the people making decisions did not have the competency to 
do so. This work provided supporting evidence that the best people were not being 
used to perform reviews. It allowed wider investigation of the DMS. 
6.3.3 Key information gathered 
6.3.3.1 Workshops 
A number of issues were identified throughout the series of workshops. The issues 
were collated and clustered into key categories. A number of issues were 
duplicated in multiple workshops. All issues were collated into categories and 
some of the key issues, along with their impact, are outlined below: 
• Purpose 
o There was a feeling from the participants that the purpose of TBR was 
not fully understood by others working within the overall process. 
o This has a significant impact on DM. Understanding the purpose of the 
decisions being made will alter those decisions. 
o It is important that those undertaking the reviews get a bigger picture 
outside the review. 
o The TBR is a misnomer in terms of its title. It is not purely about the 
'technical' issues and there was concern from participants that the 
importance of considering the integrated solution was not fully 
understood. 
• Tailoring 
o There were different levels of maturity in implementation of the 
processes. This causes a lack of consistency across projects. It was felt 
by participants that if different individuals were selected to be 
reviewers, this would result in different findings/ decisions. 
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o Most of the participants felt that there was a need for more support in 
how to tailor and apply the generic process. 
o The roles undertaking the TBR process in different areas of the 
organisation at different times were varied. This led to a lack of 
understanding of responsibilities and input into the process. There was 
also concern that the delegated authority was unclear and sometimes it 
could not be established who was in control of an activity. 
• Training 
o There was no set formal training for role holders involved in the TBR. 
o This means there is no guarantee that the decision makers understand 
the decisions they have to make. 
• Availability of material 
o Review material is not disseminated to participants before the review 
meeting. 
o There was evidence of an overload of information as too much is 
provided in the review material, making the key aspects hard to 
identify. 
o Too much information can be as detrimental as too little information to 
OM, especially when timescales are restricted. 
6.3.3.2 Decision-making systems 
Within the workshops and work packs completed by the participants, one of the 
sections focused on OM. From this section, it appeared that the participants had 
no major issue with the decisions they made nor their OM processes. Most 
respondents felt comfortable with the decisions they made and discussed them 
with colleagues. They were generally happy with the information and time they 
had for making decisions and would prefer more human-based support rather than 
computer-based support, where appropriate. Respondents felt that they had 
enough knowledge and authority to make the decisions they had to. 
The KOP identified were: 
• Identification of the TBR chair. 
• Identification of the artefacts to be reviewed. 
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The identified issues were categorised using the DMF (which had undergone some 
iteration following the first case study). The graphical representation of this 
categorisation is shown in figure 6.4 (with detail on the issues in table 6.2). This is a 
sample taken from one of the BUs. 
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Figure 6. 4 DMF issue categorisation for the response from a BU in case study 2 
Issue # Issue 
1 Confusion over the purpose of the activity, 
2 Process guidance needs to be improved. 
3 Training is available but not readily visible/ accessible, 
4 Clear, simple guidance and training for the TBR is needed. 
5 Better training and role definition is needed for different phases. 
6 Better process guidance is needed, 
7 Formal documentation felt to be outdated. 
8 Need to have more flexible processes to deal with changing 
requirements, 
9 Need tailoring for different contracts. 
10 There was not enough guidance for tailoring the activities. 
11 Presence of LCM manager makes things go smoother. 
12 TBR chairs do not understand their role, in spite of training. 
13 Not always understood that the review team has a day job to do as well. 
14 There is common confusion between some ofthe roles involved. 
15 LCM is not understood by the roles involved, 
16 Many of the reviews end up taking place concurrently. 
17 There is confusion over who is ultimately in control of the TBR. 
18 Changes in legislation for acquisition policy can affect TBR. 
19 Need to work better with partners and sub contractors. 
customer 
20 Confusing chains of constraining advice, especially in conflict to delegation. 
21 Unclear chains of hierarchy, 
Table 6. 2 Det .. 1 of Issues In f,gure 6.4 
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The main issue from a DM point of view was the (lack of) understanding of the 
purpose of the overall TBR activity. This was something that was recurrent 
throughout the workshops and interviews across the BUs. Without an 
understanding of the purpose, the rationale for any decisions which take place 
within the activity are questionable. 
A second recurring issue was the consideration of capability and service based 
projects. With these types of contract, decisions made at an early stage can have a 
lasting impact. With less of the risk being passed along the supply chain, but rather 
staying with the provider, more issues need to be taken into account. If these 
projects are assessed against more traditional standards, then risks (and 
opportunities) may be overlooked. Ideally, new processes and guidelines should be 
developed to help with such circumstances. At the very least, better guidance for 
tailoring is essential, both for these new contract types and in general. 
These two issues (along with many of the others) are inextricably linked. If there is 
better understanding of the purpose of the activity and the required outcomes, 
then an understanding of how the process may be tailored will naturally follow. 
Any formal support documentation should be accessible, that is, it should be 
readily available, simple and concise. If this is not the case, it simply will not be 
used. It is not sensible to try and train people to cope with each specific decision 
that they may come across. Training should be targeted to equip people to be 
flexible and resilient when faced with the challenges they meet. 
6.3.4 Conclusions 
It was felt that the findings of the case study, which modelled the process, roles, 
decisions and competencies, support the need for improving the TBR activities 
across the organisation and supporting these efforts through better training. There 
were five main outputs delivered to the organisation as a result of this case study: 
• Training requirements for TBR. 
• List of identified issues. 
• Revised set of baseline models: 
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o Overall, the baseline process outlined within the formal documentation 
is mostly consistent with the way that it is applied across the subset of 
BUs that participated. 
o The main changes were to sequence and terminology. 
• Collated good practice and lessons learnt. 
• Further recommendations for change, including: 
o Update the baseline process model - a better representation of the 
formal process will help people understand the starting point for 
tailoring. 
o Provide guidance on roles and responsibilities, including the 
development of role criteria and compile a skills list for each BU - it is 
important to know who has the responsibility to make what decisions, 
and to provide what information. There is currently no consensus 
between the BUs of the roles and responsibilities involved. However, it 
is clear that there are a set of minimum roles that are involved during 
an activity with peripheral roles that are brought in by different BUs. 
The responsibilities of the minimum set of roles do not have consensus, 
however, it was possible to identify where added levels of delegation 
might exist (and hence explain some of the differences). 
o Improve the 'marketing' ofthe TBR documentation. 
o Identify suite of training 'pick and mix' - a range of coverage and 
delivery method to enable wide access and completion. For example, 
development of better training through experience and mentoring. 
o Establish communities of practice (CoP) - these can be very useful DSS 
and can also lead to sharing of experience between the people 
involved, hence increasing the chances of consistency across all the 
BUs. 
o Provide tailoring examples - these will provide people with guidance on 
how to tailor and understand where and how the tailoring can be 
applied. 
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A concern was identified that more support was needed for decisions, in terms of 
understanding the purpose ofTBR and tailoring for different circumstances, and 
there is little consensus over the level of competency required for different roles. 
A number of issues were raised relating to PSS: 
• Confusion arises when putting a service-based contract through the auspices of 
a technical review. This leads to confusion as to what should be reviewed and 
concern that some aspects are not reviewed, which could lead to unknown 
risk. This is essentially a knowledge management (KM) and information flow 
issue. 
• The purpose of the involved activities is not clear to those responsible for their 
execution, which has issues for tailoring and consistency of output. The 
purpose is essential, especially for the key decisions in the review. This is a 
delegation and separation of responsibilities issue that must be considered 
with KM. 
• It is clear that any training would need to include a combination of formal 
sessions, more informal mentoring, perhaps CoPs, which would allow for 
ongoing support for the decisions that need to be made. A process for this is 
required. 
The refinements made to the version of ToADS presented in chapter 5 as a result 
of these industry-based studies are presented in chapter 7. 
6.3.4.1 Limitations 
As with most exercises of this nature, there are limitations that should be taken 
into account when understanding the results: 
• The models are based on input from a subset of different individuals involved 
in different ways, which means a complete picture is not guaranteed. 
• Some BUs had more participants, so provide a wider picture (and perhaps 
more consistent and accurate view) of that BU, in comparison to those BUs 
with fewer representatives. 
• There is subjectivity in the viewpoints that have been given. 
• Due to the time constraints on the exercise, it was possible only to do a high 
level analysis of the enterprise models. 
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• Only process, roles, DM and competency models were investigated, there may 
be information that is not represented that would give further insight into the 
issues that were reported. 
6.4 Case study summary 
This chapter has outlined the two industrial case studies, which took place in a 
multi-national engineering organisation. The case studies were useful in 
developing ToADS. ToADS was found to be useful and to complement other EM 
techniques during the case studies, especially in driving the research. 
The table below provides a summary of the case studies detailed in the previous 
sections and an overview of the key findings. 
Study 
Case 
study 
1 
Problem statement 
A stage of the IifecycJe was 
perceived to have become 
congested with mandated activities 
and reviews, leaving little time to 
complete all necessary work to 
progress the bid. 
Overview of key findings 
A change of focus has occurred with 
contracts written on service based instances 
and a more delicate balance of capability 
and profit. For the bid process, this 
represents new risk and the analysis is not 
as mature as it could be to deal with this. 
The move outlined above has also 
encouraged overlap in review activities 
between different functions. 
It is not enough to adapt existing processes 
to deal with these new contracts - new 
processes must be developed and 
employed. 
Not all decisions are consciously made, 
especially during status reviews. 
Case There was concern about the Confusion arises when progressing a service 
study quality and consistency of one of based contract through the auspices of a 
2 the technical reviews, which takes technical review with regards to what 
place pre-bid. It was perceived that should be reviewed and a concern that 
there was a lack of understanding some things are not reviewed at all, leading 
of the training requirements for to unknown risk for the organisation. 
those involved with the review; Purpose and importance of activities is not 
one obvious knock-on effect being clear, which has issues for tailoring and 
an incorrect assessment of the consistency of output. 
technical issues in bids. This could These things need to be addressed before 
be very unfortunate in 'bet the appropriate training can be developed. 
company' bids. 
Table 6. 3 Case study summary table 
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The case studies were useful in developing ToADS, and the refinements that were 
carried out as a result of the case studies are outlined in this chapter (further detail 
and examples are included in appendix G). 
Following the completion of the case studies and subsequent refinements, the 
prototype ToADS was validated and the process of use better defined. This is 
described in the following chapter, chapter 7. 
ToADS was found to provide insight during the two case studies, highlighting the 
importance of DM where it was previously not given extensive consideration. The 
raw information and diagrams provided by ToADS were not well understood 
during the case studies by the primary contacts within the case study organisation. 
This led to the development of the analysis subsystem and the output of the 
configuration report. 
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This chapter follows on from the testing and refinement of ToADS (Tool for the 
Assessment of Decision-making Systems) as described in chapter 6. It looks at the 
process of use for ToADS and also the validation of the tool and the associated 
process. The chapter is split into three main sections. Section 7.1 describes the 
process of use for ToADS, while 7.2 outlines the use scenarios for ToADS. Finally, 
section 7.3 summarises the validation completed for both the tool and the 
associated process. 
7.1 Process for use 
7.1.1 Introduction 
The purpose of ToADS is to facilitate for the assessment of a DMS (Decision-
Making System) within an organisation. A second purpose is to aid with the 
configuration and dynamic reconfiguration of DMS within the extended lifecycles. 
It should be pointed out that the aim of ToADS cannot be to ensure that the 
organisation always makes the correct decisions, but rather to aid in enabling 
appropriate configuration of a DMS (often including areas not considered in 
standard decision-making (DM) processes) and hence to provide organisations 
with the possibility of making the best possible decision given the circumstances 
they find themselves in. 
7.1.2 Overall view 
Figure 7.1 shows the overall components and basic process flow for ToADS. 
The process is triggered by the identification and scoping of an organisational 
situation (a process for which is presented in figure 7.2). This may occur following 
an accident, incident or near miss or when someone identifies the fact that deeper 
investigation into a current situation is called for. 
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The issues associated with the situation (which may be positive or negative) are 
oriented on the decision-making framework (DMF). Such a populated framework 
can then be analysed. As a top level, this is done by identification of clusters of 
issues and comparisons with cases from the incident database (which may be 
previous situations from within the organisation or examples from disaster/ 
accident situations. The output from such analysis is provided in the form of 
advice. This advice may suggest useful tools, advantageous for analysis in a 
retrospective situation or during design. It may also highlight key information to be 
included in appropriate risk management processes, which may otherwise have 
gone unheeded. 
Within the overall process, there are a number of key steps, depending on how the 
tool is to be used. These key steps are: 
• Identification and description of the situation: 
o This is the identification of the situation to be analysed, which may be 
during analysis or design. It is necessary to obtain a clear description 
with respect to the categories on the DMF. Any number of different 
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views of the situation can be identified (this is represented by box 1 in 
figure 7.1, and also in figure 7.2). 
o Retrieval of information from database storage: 
o Determine which of the instances in the database correlate with the 
current situation as identified and retrieve the information associated 
with these instances for comparison (boxes 4 and 5 in figure 7.1). This is 
done using pattern matching of the DMF categories, that is, key issue 
areas are identified based on the cell with the most identified issues. 
This is then matched to other cases with the same identified key issues. 
o Analysis: 
o The first step in analysis is the orientation of issues on the DMF. 
Following this, comparisons between views can be made (where 
multiple views on a situation have been identified) along with 
comparisons with the cases from the database as retrieved (boxes 6, 7, 
8 and 9 in figure 7.1). Key issues are identified (currently at a basic level 
by identifying the cell or cells with the most issues). Similar cases are 
then suggested by matching the key issue areas between cases in the 
instances database and the current case being investigated. Advice is 
provided in terms of potential tools to use and information for risk 
management. The information for risk management comes from the 
sample cases and the suggested tools are linked to each cell. 
o Recording of situation for database storage: 
o Following analysis, the new situation is recorded to be stored in the 
database for future analysis (boxes 2, 3 and 4 in figure 7.1). This is done 
by entering the relevant data into the instances database. It is intended 
that in a full version of ToADS, this would be done along side the 
identification of the situation to be analysed and an automatic feature 
of the tool. Ensuring this was done would be a part of the management 
process to maintain ToADS. Currently, due to the paper-based 
prototype nature of the tool, this is completed manually. 
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These steps are suggested in this order, although this is not mandatory. It is 
assumed here that the analyst has had prior training in the use of ToADS. This 
process, as outlined, may seem straightforward, however, some of the steps may 
be difficult to achieve. The initial description of the situation needs to be accurate 
and as complete as possible. This will become easier as the user becomes more 
experienced in using ToADS. Further development of the analysis rules would be 
needed if this tool was to be taken past prototype stage to ensure they correctly 
indicate what should be done for any foreseeable situation to increase trust in the 
tool. The implication of this is that a training package would need to be developed, 
which would form part ofthe management process of a full version ofthe tool. 
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This section will outline a number of scenarios, which have been developed to help 
explain how ToADS may be used. These scenarios are not intended to provide 
exhaustive coverage. The scenarios have been developed to help explain the 
anticipated use of ToADS (and could be included in any training programme that 
was developed) with the more detailed process for use described in the following 
section. Operational scenarios can provide the backbone structure for user 
requirements for the system and can also help identify assumptions and 
constraints for the final system. These scenarios will also be of use when ToADS is 
developed to full version and implemented, to investigate the impact on 
stakeholders (Harker and Eason, 1999). 
Two scenarios are presented. The first is the quick hit use of the tool, a basic 
informational interrogation ofthe database. This is a passive form of use -the user 
gains information without being required to input any information. The second 
scenario is a diagnostic full use. This is intended for use in diagnosing a problem or 
reviewing a situation after the event has occurred and ensuring lessons learned 
from previous projects from within the organisation, other organisations and other 
industrial sectors are taken into account (see section 7.2.4). 
Both of the scenarios are set in a context akin to the cases investigated in the 
meta-analysis and the case studies. They are not, however, supposed to be 
reflective of any specific real world event. 
7.2.2 Scenario context 
The scenarios presented are set within the context of a nominal organisation 
(developed specifically for this research, any likeness to an existing organisation is 
coincidental). The nominal organisation, AeroCorp, is a large, multinational 
aerospace engineering organisation. The organisation is part way through the 
product-service shift (PSS). It is realising some new style contracts, but not all the 
organisations with which it works are familiar with new service based working. 
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AeroCorp produces a range of outputs from large, integrated, complex systems, 
such as aircraft (with support systems) to smaller subsystems (for example, 
engines, monitoring equipment). 
7.2.3 Quick hit scenario 
An engineer at AeroCorp is starting a package of work which involves subsystem 
design. The preparation also needs consideration of resourcing the work to be 
done (both technical and human). The engineer wants to check what sort of 
reviews will be necessary during the project, along with taking into consideration 
lessons to be learned from previous work (both within the organisation and from 
external sources) in order to begin compiling a risk database (this is the definition 
of the organisational situation, box 1, figure 7.1). A search of the ToADS database 
returns information from case studies 1 and 2 (described in chapter 6), which have 
also looked at issues with reviews (box 6, figure 7.1). 
The advice received from ToADS suggests that the formal organisational lifecycle 
process should be tailored for the specific project, and that reviews take place as 
early as possible with the best people available to be most effective. ToADS 
suggests the engineer uses a competency tool to help define the profiles/ roles 
needed for the project (boxes 7·9, figure 7.1). 
The organisation has completed technically similar packages of work before. To 
avoid reinventing the wheel, the instances database can be interrogated to 
discover if the organisation has done any similar work, or whether there have been 
any similar instances in other organisations or other industrial sectors (box 6, 
figure 7.1). The information returned by ToADS includes some information about 
relations with external suppliers. One supplier of components in particular has had 
particularly long lead times. This information is provided to better inform DM 
during design. 
In summary, the quick hit scenario basically sees the user utilising the database 
within ToADS as a reference, without detailed development of the details of a 
current situation, and typically in a design context (rather than situation analysis). 
The search tool that would facilitate such an interrogation has yet to be developed . 
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The output from using ToADS in such a scenario would be the opportunity to learn 
lessons from other situations; augmented information for the risk management 
process; and suggested tools that may be of use. If the user is looking to develop a 
useful team, then ToADS may suggest at tool which would highlight the necessary 
competencies needed for the team. It could also provide examples of previous 
projects undertaken by the organisation with similar resource and expertise 
requirements. The process for use is presented in the form of a Hierarchical Task 
Analysis (HTA) diagram, figure 7.3. 
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7.2.4 Diagnostic scenario 
supporting the 
Configuration of DMS 
Something has gone wrong at AeroCorp. An engine component has been delayed 
as an unforeseen issue has caused the need for further research. This means that 
component has run over budget and time for implementation into the customer's 
system as part of a planned upgrade. This has been discussed with the customer 
and a new delivery date has been agreed. AeroCorp has incurred a financial 
penalty associated with late delivery, as agreed in the original capability contract. 
AeroCorp has decided to undertake a review of the situation to understand why 
this situation arose and to see what can be done to reduce· the risk of a similar 
event occurring in the future. There are multiple viewpoints available: the project 
manager, chief engineer and the main group working on the project. 
The aim of using ToADS in this scenario is to investigate what role the DMS and its 
configuration had in the identified incident. Checks will be made as to whether the 
. organisation has experienced similar incidents and whether similar incidents have 
occurred in other organisations both within and across industrial sectors. 
The project manager identifies the need for analysis and compiles a list of the 
roles, activities and infrastructure involved along with the knowledge and 
information needed and produced. The project manager also identifies the 
organisational goals for the situation. Following on from this, the project manager, 
chief engineer and project group representatives collaborate to identify the issues 
in the situation (this is the development of the organisational situation, box 1, 
figure 7.1). The key issues in the scenario are outlined below, along with their 
subsequent categorisations (this is the process of compiling the DMF, box 5, figure 
7.1): 
• There were two distinct paths of development available. The group contained 
experts in one of these areas. Information was not available for both paths. 
o Agents not in right place/ not available for part of ELe. 
o Information not available. 
• One of the possibilities for development was a huge innovative leap, which was 
not fully understood before work began. 
o Information not available to enable effective risk management. 
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• It was not clear whether the chief engineer or project manager had the DM 
authority for some ofthe reviews that took place. 
o Poor role/ agent definition at all levels of DM. 
Information on similar cases, and cases with matching key issues may then be 
retrieved from the database. The analysis then provides the following outputs 
along with confirmation of key issues: 
• Useful tools (boxes 7 and 8, figure 7.1): 
o The problems experiences with role availability and allocation lead to 
the suggestion of looking at competencies required and also the RMT 
(Role Matrix Technique, Callan et aI., 2006) as a suggested tool. 
o Issues of information availability call for an improved knowledge and 
information management. The development of CoPs (Communities of 
Practice) may help informal communication methods, transfer of 
information through out the organisation, along with providing peer 
support. 
• Information for risk management (boxes 7 and 9, figure 7.1): 
o Comparison to other relevant cases may provide further information for 
risk management. 
o The Challenger and Columbia incidents also had identified issues with 
lack of information to enable effective risk management. In these cases, 
this lack of information led to poor decisions being made and 
subsequent catastrophic technical failure. This highlights the 
importance of understanding potential consequences before 
implementation. 
o The Ariane 5 incident was also concerned with upgrade. Not fully 
understanding the system behaviour can increase the chance of 
unpleasant emergent behaviour. 
This is a brief example of how the system could be used - it is recognised that it is 
not exhaustive. A full set of outputs from the process would be guidelines for 
future reviews, implications for the DMS within the identified incident investigated 
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and an opportunity to augment lessons learned for the future. The process for use 
is presented in the form of a HTA diagram (figure 7.4). 
This is a tool with a database that can be modified by anyone within an 
organisation, in principle. A management process for the database and the tool as 
a whole will be needed when the tool is progressed past prototype. This has yet to 
be developed. 
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7.3 Validation 
Supporting the 
Configuration of DMS 
This section outlines the final validation for ToADS and its associated process of 
use. The validation process was two fold: firstly, it consisted of expert evaluation 
through workshops and secondly case study evaluation. These are described in the 
following sections. 
The purpose of the validation here is to check how the current prototype version 
of ToADS meets the requirements set out and also to further demonstrate the 
value of ToADS. It is worth reiterating that ToADS is still in a prototype state and 
\ 
validation took place on the largely paper-based version. The focus of this section 
of the work was to investigate the use of ToADS, rather than to develop the tool, 
which was the target of the industrial case studies described in chapter 6. Both 
expert and user validation also allowed for investigation of the use of ToADS in a 
context beyond the industry and organisation used for the industrial case studies 
outlined in chapter 6. 
7.3.1 Requirements for ToADS 
This section begins with a table (table 8.1) addressing how the top level 
requirements (identified in chapter 5) have been addressed in the prototype 
version of tools or how it is anticipated they would be addressed if ToADS was 
scaled up to full use. 
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Requirement 
ToADS must: 
Inform the organisation 
in DMS 
Aid investigation of 
DMS 
Provide access to 
examples 
Aid analysis of specific 
organisational issuel 
incident! activity 
Be applicable to a wide 
range of users 
Provide a useful output 
Be usable 
Provide up to date 
information 
Allow for multiple users 
Allow input and output 
of information 
Allow storage of 
information 
Be secure and reliable 
Supporting the 
Configuration of DMS 
How has this been realised/ what is the plan for realisation in 
full scale ToADS? 
The final version of ToADS should include a full reference 
database, with guidance information on DMS. 
This is the whole purpose of ToADS, even at the prototype 
stage. Through the configuration and analysis of issues, ToADS 
aids investigation. 
The incidents database included many historical, internal and 
external examples, and can be used to save current cases as 
future examples. 
In collaboration with the second point, ToADS aids the 
investigation and analysis of DMS in the context of a specific 
organisational issue. 
ToADS is not organisation nor function specific. The incidents 
database has a wide range of examples. 
The output from the analysis subsystem provides key issues 
identification along with potential tools that may be of use to 
the organisation. Given that, in the full version of ToADS, these 
potentially useful tools would either be existing organisational 
tools or integrable with the existing organisational tools, making 
the output useful. 
The final version of ToADS would be developed into an easily 
usable tool. 
The final version ofToADS would include up to date information 
and updates, both available for the incidents database and also 
for suggested tools, for example. 
The final version of ToADS would be stand-alone, so no 
specialist software not hardware would be needed. The 
suggested useful outputs would also be appropriate for the 
existing technology. 
The final tool would have an interface allowing the input of 
information regarding the specific case and provide and 
appropriate format of information of the output, in graphical 
and detailed report format. 
The incidents database allows for the information regarding the 
cases to be stored. 
The final version of ToADS would adhere to necessary security 
regulations and have reliability and. redundancy measures in 
place. 
Table 7. 1 ReqUIrements evaluatIon 
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7.3.2 Expert evaluation 
Supporting the 
Configuration of DMS 
To complete the expert evaluation stage of the validation, two workshops were 
carried out. These workshops were separate to the case study workshops (chapter 
6) and the case study evaluation study (section 7.3.3), with a purpose of validating 
both the tool and the process of use for ToADS. Each of the workshops had 
representatives from multiple industries, including civil and military aerospace, civil 
engineering and engineering research and development All had experience of 
" working on projects within the PSS and have been involved in project reviews. All 
form part of a larger DMS. 
Within the workshops, the participants were split into groups of four (a total of 
approximately 25 participants attended each workshop, no participant attended 
both workshops). Each of the groups was then given an example from the 
instances database, formatted as a brief case study (a sample of this material is 
provided in appendix H). This acted as the organisational situation (box 1, figure 
7.1). The groups were introduced to ToADS and given a blank version of the DMF, 
an overview of the incident and a list of issues. The task for the groups was then to 
orient the issues by placing them in the relevant cell or cells on the DMF (box 5, 
figure 7.1). When this had been completed, the workshop stepped through the use 
of the rest of ToADS and presented a sample output (included in appendix H). 
The main pOints gained during the workshops, with regards to the tool and its use 
are outlined below: 
• The experts agreed that the process produced useful outputs. 
• The process was difficult to use. Discussion determined that this was largely 
due to unfamiliarity with the examples provided and also with the process of 
categorisation. More work to develop the prototype would be needed before 
issues could be consistently categorised without expert assistance. This 
reinforces the need for a training program when ToADS is developed past 
prototype. 
• Links to existing organisational procedures are very important. 
Other points to come out of the workshops included the fact that participants 
generally liked the fact that ToADS allows for multiple inputs for each case (that is, 
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more than one person can add their perspective on the situation). The participants 
recognised that different views provide insight and give a better overall picture of 
the situation. They also felt that working and discussing the situation in groups was 
particularly useful, especially for allocating issues to cells. 
Due to the limited time available with the experts in these workshops, some of the 
steps in the process were truncated. The participants felt this was useful and 
expressed concerns that they would not have known where to start if they had to 
identify the issues themselves. This highlights the need for a better mechanism for 
issue identification and allocation in the final tool. 
The validation was deemed to be successful on the basis of workshop approval. 
"'-., 1 
The tool itself was determined to be useful, although the process for use and the 
software application need further work before the tool can be integrated within an 
organisation. 
7.3.3 Case study evaluation 
The case study evaluation was undertaken with a manufacturer of product display 
material. ToADS was used in parallel with research from another research group 
based at Loughborough University who used established tools and techniques, 
such as those derived from the CIMOSA reference architecture (Vernadat, 1999) to 
explore the company's operational processes. The study investigated whether the 
established tools and techniques produced similar results to validate the output of 
ToADS and whether ToADS provided any additional information, thus validating 
the need for the additional tool (not to test process of use). 
The study followed a similar method to that used in the industrial case studies 
(chapter 6) but over shorter timescales and to a less detailed level. Documentary 
analysis, workshops, interviews and questionnaires were the methods used. Figure 
7.5 shows the issues identified through ToADS. 
These were congruent to the outputs from the other tools used (ClMOSA, as 
outlined above and shown in the middle of figure 7.4). These fit together and link 
to the problems being experienced by the company (shown on the right of figure 
7.5). Further confirmation was sought and obtained through a post-study 
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questionnaire completed by the primary contact (the change manager) within the 
organisation. 
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Discussions with the primary contact also showed clearly the fact that ToADS 
would be of use to the organisation as there is currently a lack of any formal DM 
process or DSS (Decision Support System). Many decisions are made during the 
reaction to frequent, sudden changes in circumstances. DM form s a large part of 
the organisation's emergency situations. 
The organisation deals with change on a regul ar basis. ToADS would provide the 
organisation with the ability to assess its DMS during these changes and 
understand the implications for configuration. It would suggest tools that the 
organisation could use to improve configuration, highlight where things have not 
been optimum and how things could be improved . 
The situation was discussed with researchers based in the organisation and also 
w ith the primary contact from the organisation within which the validation study 
took place. Issues were identified and categorised on the DMF (see figure 7.6 and 
associated issues table, table 7.2). The analysis was then presented back to the 
primary organisation. It complemented and supplemented the work carried out by 
the associated research group. 
This study further highlighted the fact that the tool itse lf is useful in the outputs it 
produces. However, as noted in the expert evaluation, further work is needed to 
improve the ease of use of the tool within organisations. 
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Agents 
Activities 
Infrast ructure 
and Technology 
Knowledge and 
Information 
Imernal External Organisational 
Culture 
Level of OM 
DM F version 2 (17 111 September 2008r .. 
Figure 7. 6 DMF representation of issues from the va lidation case study 
Issue Issue detail 
1 Some key roles are not filled. 
2 Need earlier involvement from engineering. 
3 No clear organisational chart. 
4 No clear idea of roles and responsibilities. 
5 Sales team appear to have too much control. 
6 Not clear who is in overall charge, nor who ha s responsibility to make decisions. 
7 Decisions may be made by those who shout loudest. 
8 Limited contact with customer. 
9 Activities (e.g. testing) not integrated. 
10 Communications largely through central database. 
11 lack of communications limits avai lability of knowledge and information. 
12 Confusion of authority leads to knowledge! information not being with the right person. 
13 Lack of resource or overview . 
14 Lack of resources for 50me internal and external facing activities. 
15 Late requirement changes from customer. 
16 Activity scheduling problems. 
17 Product/ brand knowledge not always in right place at right time . 
18 Lack of standard methods for some act ivities. 
19 Lack of standard format of information passed in some internal activities. 
20 Lack of standard fo rmat of information received from clients. 
21 Info rm ation not always complete to carry out activities. 
22 Client comm unicat ion s not always efficient. 
23 Lack of integration of activities . 
Points a. Main problems seem to be with how the organisation does things and who does what. 
to note b. Although there are not many issues identified within the externa l category, the one that 
is there - comm unications with the customer - is key. 
.. Table 7. 2 Id entified Issues associated with figure 7.5 
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7.4 Summary 
Supporting th e 
Configuration of DMS 
This chapter has described the process of use developed for ToADS throughout the 
case studie s. It then goes on to prese nt the validation of both the process 
developed and also ToADS as a whole. Use scenarios are presented, followed by 
the va lidation, which was completed through expert evaluation and a company 
based case study evaluation. 
For the expert validation, it would have been useful if the participants could have 
deve loped their own examples to use. However, time restrictions meant thi s was 
imposs ible. 
For the company based exercise, customer evaluation was positive, with the 
outputs being generally accepted within the organisation . The main drawback from 
th e organisation's point of view was that, although ToADS highlighted some useful 
issues and explanations for the issues for the organisation, the organisation would 
have preferred a more immediate so lution to their problems as we ll. (In thi s 
situation, the evidence suggested that a quick hit so lution would not have so lved 
the overall problem.) 
ToADS has been found to be a useful diagnostic tool, with th e added advantage of 
initiating and focu sing discuss ions in the issues rai sed, thereby leading to a more 
calm, rational and speedy process to find so lutions. 
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8. Discussion 
Supporting the 
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This chapter provides a discuss ion on the resea rch presented in thi s thesis. The 
chapter is split into four main parts. The first, section 8.1, discusses the approach 
taken in the execution of thi s resea rch , providing a reflection on the work. Sections 
8.2 and 8.3 present the strengths and limitations of the prototype tool and process 
as a who le and also of the individual components respectivel y. Secti on 8.4 outlines 
the benefits of using ToADS (Tool f or the Assessment of Dec ision-m aking Systems) 
based on the output of the case studies (see chapter 6) and the va lidation study 
(see chapter 7). Th e final section, section 8.5, considers potential technology 
transfer and impact on other industries. 
8.1 Research approach consideration 
This sect ion provides a discussion on the general research approach taken in this 
thes is (section 8.1.1), followed by a discussion of the appropriateness of th e pilot 
studies (section 8.1.2), case studies (section 8.1.3) and va lidation approach (section 
8.1.4). 
8.1.1 General research approach 
Th e resea rch ca rried out in co mpiling th e th es is has provided some very useful 
insights into OM (Decision-Making) and DMS (Decision-Making Systems) and 
outputs such as the ToADS tool itself and the associated process of use. There are, 
of course, strengths and weaknesses to the approach which was used to ca rry out 
thi s research. 
Data was gathered through a series of pilot studies, multi-technique, industry 
based case studies and va lid ation workshops and study. The initial meta analysis or 
documentary analys is proved to be a very useful starting point, although the 
information available was limited . The studies have proven successful , appropriate 
for the context of the research. However, the main driver for se lection of all the 
studies was availability rath er than appropriateness. 
The tools and techniques that were used provided useful inform ation, however, 
very useful contextual information was also ga ined through general conversations 
with the stakeholders and participants in the workshops. This anecdotal evidence 
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proved interesting. It was deemed important that the research be embedded in 
real world practice to discover the practical issues and situational nuances that are 
not usually found when developing an abstract concept . 
While abstraction allows wide generality of knowledge reference, the subsequent 
application of abstract principles and rules to complex, non-linear processes 
requires a considerable degree of local situational knowledge. The overall 
approach adopted allows abstraction, but also ensures that the tools and 
techniques developed are appropriate to local situations and the users who are 
expected to use them. 
Using ToADS as a method to drive data collection helped to elicit some very useful 
insights into the case studies. 
8.1.2 Pilot study method 
The techniques used in th e case studies (di scussed in section 8.1.3) were well 
tested through a number of pilot studies and the suite of research tools and 
techniques (see table 8.1 for example) were applied in practice . This was useful as 
it highlighted both initial data on the situation as well as information with regards 
to the usefulness of the techniques themselves. 
It is not suggested that the set-up of the resea rch method was perfect, but it was 
appropriate. As was indicated in the early studie s, and confirmed in the va lidation 
studies, the approach was also successful as it provided the necessary outputs to 
forward the research (and also provided value to those involved in the case 
stUdies). 
The various elements used and tested are discussed in table 8.1 (this is a 
continuation of the critique presented in sections 4.7 and 4.8). 
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Element Strength 
Observation + Prov ided usefu l information. 
Document + Aided in developing a view of the 
analys is formal processes and approaches 
t hat a group or organ isat ion uses 
to comp lete a project. 
+ Provided usefu l ins ight . 
+ Was useful where the availab le 
documentation was 
comprehensive. 
KDP (Key + Provided direct answers to 
Decision specifi c questions. 
Po int) 
questionna ires 
Be lbin team + Be lbin profi ling is usefu l for 
profiling assessing existing team s. 
+ It cou ld prove usefu l for 
ana lysing what add ition s need to 
be made in term s of training or 
personne l se lection. 
+ Cou ld prove useful as a 
suggested tool for ToADS output 
for organisation that has ident ified 
key issues with role definitions and 
resource allocat ions. 
Focus group + Proved usefu l for eliciting 
informat ion from groups of 
stake holders. 
+ Proved usefu l to spark 
discussions between stakeholders. 
+ Face-ta-face contact yie lded a 
better response rate . 
Interviews + Was usefu l where spec ific 
questions needed to be asked of 
key stakeholders. 
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Limitation 
- It was not straightforward to 
observe DM. 
- Large amounts of observat ion 
would have been needed to elicit 
enough information for case study 
usage . 
- Observation was difficu lt in busy 
environments, 
- To be comp letely effective, 
document ana lysis would have to 
be used in tandem w ith some other 
form of user or stake ho lder 
interaction, such as workshops, 
interviews or focus groups. 
- Documentat ion wa s created for 
purposes other than research , it 
had different focu s and could not 
be guaranteed to be comp letely 
accurate. 
- Had a low response rate . 
- It was not easy to identify or 
assess who le team s in the industry 
based pilot studies. 
- Project team membership and 
individua l profi les wi ll change 
during a project lifecycle. 
- Need to el icit a response from all 
team members to provide effective 
assessment. 
- It was difficu lt to contro l the 
conversations and keep the groups 
focused on re levant details at all 
times . 
- It is difficult and time consum ing 
to set up focus groups when busy 
peop le are involved. 
- Lots of one-to-one interviews 
were time consuming . 
Ella-Mae Hubbard 
GRAI + Was usefu l for stru ctu red DM, 
and would be more useful in high ly 
structured organisati ons. 
+ Could prove useful as a 
suggested tool for ToADS ou tput 
for organisations that have 
identified key issues with decision 
processes. 
+ Would be useful fo r spec ific KDP 
and decisions ce ntres 
Supporting the 
Configuration of DMS 
- Required a large expenditure of 
time and effort to gather the 
necessary information . 
- Direct questioning about 
decisions did not yield the best 
information. 
- Did not take account of t he wid er 
view of DM. 
Table 8. 1 Pilot study methodology strengths and limitations 
8.1.3 Case study method 
As outlin ed in chapter 6, key data gathering and test ing has been completed 
through multi-techniqu e, industry based case studi es. These have been quite time 
consuming and the research has relied heavily on the availability of such studies 
and being granted th e necessary access t o th e case study organisation . Whilst 
more formal method s, such as very stru ctured interviews, structured 
questionnaires and laboratory experim ents have the internal consist ency to 
provide a more robust research meth odology and led to a more standard stati stical 
analysis, they would not have been appropriate for a study such as this, and 
certainly wou ld not have provided such useful and interesting results . This thesis is 
about field research in a complex, non-stationary, non-linear environment, where 
not all the releva nt data is available as required for rigorous meth ods. 
Furthermore, because of th e complex nature of the resea rch scenario and its 
characteristi cs, both th e abstraction and conflation necessary for th e more 
rigorous methods is not a sensible acti vity. 
The techniqu es were tested through the pilot studi es described in chapter 4 and 
discussed in section 8.1.2. The main benefits of the case studi es lead from the 
contextua l information obtained. Th e two main case studies aimed to ad dress a 
real issue being experienced within an organisation, along w ith contributing t o the 
overall resea rch. 
The va rious elements used are discu ssed in table 8.2 (this is a continuation of the 
critique presented in section 6.4). 
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Element Strength 
Document + Provided a good starting point for 
analysis the interactions. 
+ High lighted misunderstand ing of 
formal documentation and the need 
for loca l tai loring. 
Interviews/ + The combination of interviews and 
workshops workshops allowed participant 
options in the method of 
involvement. 
+ Provided a discussion forum for 
stakeho lders who otherwise wou ld 
not communicate. 
+ Conducted by ' independent 
agents', so participants were free to 
elaborate on both strengths and 
weaknesses experienced. 
+ Participa nts work packs provided a 
useful record of the workshops . 
+ Audio recordings provided a usefu l 
backup record of the session. 
Questionnai res + Questionnaires were usefu l for 
elicit ing specific information that did 
not require discussion. 
+ He lped to cut down the time 
needed within workshops and 
interviews. 
+ Structured questions maintained 
focus of topic. 
Table 8. 2 Case study methodology stre ngths and limitati ons 
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Limitat ion 
- Was quite time consuming. 
- The formal documentation 
analysed was quite top level and 
was typically not adapted for 
local use. 
- Was very t ime consuming. 
- Difficu lt to get the necessary 
peop le in the right place at the 
right time for some of the 
workshops. 
Not all the participants fu lly 
bought in to the process, so their 
contribution was not complete. 
- Some workshops were difficu lt 
to keep on track. 
- Some participants used the 
workshops to air grievances that 
had obviously concerned them 
for some time . Some were useful, 
but some drove the discussion off 
top ic. 
- Specific questioning regarding 
OM was not we ll understood by 
the participants . 
Ella-Mae Hubbard 
8.1.4 Validation approach 
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Similar to the pilot study, the workshops and validation study were selected based 
on availability and accessibility . The expert evaluation was useful as it involved 
many people from mUltiple industries and roles. It would have been more effective 
if more time had been available. A further va lidation will be needed when ToADS is 
developed past prototype status. The user evaluation also had its limitations. The 
current version of ToADS stili requires an expert facilitator (i.e. a researcher very 
familiar with the tool) to be used. This means that the actual use r exposure to the 
tool was limited. The outputs were understood better at this stage than in the 
earlier case studies. The second aspect of this validation study was to validate the 
output of ToADS against outputs from more established techniques, which was 
apparently successful and, in fact, provided further insight. Both the expert and 
user evaluations were completed in different organisations and different industries 
to the industrial case studies to validate ToADS as a general tool. 
8.2 Strengths and limitations 0/ ToADS components 
This section addresses the strengths and limitations of the components (or 
subsystems) of ToADS in turn. The overall tool has been developed throughout the 
research; the individual components have proved useful in their own right . This 
discussion is presented in table 8.3. 
- 169 -
Ella -Mae Hubbard 
c: 
Instances database 
The instances database is 
the subsystem that enables 
storage of the information 
.2 about the va riou s instan ces 
-
.g- (which may be internal to 
u ~ the organ isation or external 
C from other sources. 
Perhaps the most useful as 
a sta nd-alone system. With 
a su itable sea rch engine 
appended, this database 
would make a very useful 
reference tool. 
It may be poss ible to 
integrate the instances 
database into ex isting 
~ information sources within 
-
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the orga nisation, a lessons 
learned database, for 
example. 
To ma intain the instances 
database wou ld take a 
lengthy amount of time to 
ensure internal cases are 
stored and kept up to dat e, 
and also that external 
updates are implemented. 
Wou ld benefit from a user 
inte rface to enter 
information . 
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Decision-Making systems Analysis subsystem 
Framework (DMF) 
The DMF is the subsystem 
that enables class ification of 
issues relating to the 
instance. 
Encourages organisation to 
consider all the various 
aspects of DMS and things 
that could affect or be 
affected by the DMS. 
Cluster analysis is qu ite 
effective . 
Probably the least effective 
as a stand along too l. For 
the DM F to be use we ll 
requi res a well-defin ed 
instance (whether for 
analysis or design) . When 
such an instance is defined, 
it is only logical for it to be 
stored in the instances 
database. 
When looking at gap (or 
vo id) analysis, it is not 
immediately evident 
whether voids are present 
because there are no issues 
or whether there are issues 
that have si mply not been 
identified. 
Need to develop outline 
process fo r non-expert 
categorisation of issues. 
Th e analysis subsystem 
provides ana lys is of the 
instance, based on the 
views of the insta nce, 
which may be input by 
one or mult iple users. 
Produces useful , relevant 
outputs . 
May be easily integrable 
into existing information 
sou rces w ithin the 
organisation, e.g. risk 
management. 
The analysis subsystem 
needs a developed 
instance to be effective, 
so is not effect ive as a 
sta nd-alone secti on. 
The ana lysis subsyst em is 
least we ll defined and 
developed . 
This subsystem is 
probably the one that 
would benefi t most from 
automation. Such an 
automated model could 
then be validated , for 
example, through a form 
of sens itivity analysis . 
Table 8. 3 Summary of ToADS components 
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8.3 Summary 0/ strengths and limitations of ToADS 
This section looks at the strengths and limitations of the overall tool. During 
validation, and including feedback from conference and journal papers, many 
highlighted weaknesses apparently stemmed from a misunderstanding of the 
purpDse Df th e tDDI. Steps have been taken to clarify thi s further, defining ToADS 
as an infDrmative and advice prDviding tool, rather than a sDlution provid er. For 
example, feedback has noted that TDADS does not help an individual decision 
maker t o make a specific decisiDn. This is accepted and nDt the intended purpose. 
ToADS prDvides a variety of DutputS, identifying key issues frDm the situatiDn, 
suggesting tDDls which will be of use to the organisation and information for risk 
management. All of thi s information is then recorded in the database to be used 
for comparisons in future cases. The DutPUtS, alDng with all of ToADS, are neither 
domain nor industry specific and aims to make progress along the process Df 
improving cross-domain learning. Defined instances for analysis by the tDDI could 
be accidents, near misses or examples of best practice (or indeed any definable 
instance) and could be analysed from a retrospective point of view Dr used to learn 
from the past and prevent reinventing th e wheel during design . On e of the 
strengths of ToADS is that it allows for mUltiple pDints of view tD be recorded, their 
differences analysed and all the information t o be stDred, saved and updated. 
ToADS Dnly considers a snapshDt of the overall coverage of DM w ithin an 
Drganisation, it does not look specifically at decisiDn processes and the time frame 
is collapsed . While thi s means that the process as a whole is considered, some 
sequential interactions could be overlooked. 
Since ToADS has few internal logic tests, it is open tD use (or misuse) by biased, 
unaware or unscrupulous users. Furthermore, the quality Df analysis depends on 
th e ability of the user, bDth in identifying the issues, allocating them correctly and 
in using the resulting advice. Since this is a sequential activity, early mistakes can 
produce significant errors in recommendation s. 
The positive sid e Df this is that thoughtful use of the framework can provide useful 
insight, for example, looking at the voids in the fram ework (areas Dr cells where no 
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issues have been identified) can reveal limitations and hidden assumptions in the 
thinking of the users, in addition to the information highlighted about the case. 
ToADS can be quick to use, given that the user has prior experience of the situation 
or instance being analysed and has the potential to be integrated into existing 
organisat ional tools and technology. The com ponents of the t oo l are useful as 
sta nd-alone components (discussed in section 8.2), but ToADS certainly provides 
its largest benefits when used as a whole . 
8.4 Critique of process of use 
This section looks at the strengths and limitations of the process of use for ToADS. 
It includes reflection on the use of ToADS within the case studies and also a 
critique of the process of use, considering the expertise required, the robustne ss of 
the process and what further developments are need ed. 
Many of the current limitations of ToADS originate in the lack of formality w ithin 
th e process of use. Much of this lack of formality may be addressed by automating 
some of the process and progressing ToADS to a software environment (which is 
by no means an easy task) . At the present time, ToADS relies on successful , hon est 
identification of issues and subsequent ca tego ri sa tion. Thi s is a very subj ect ive 
process and can yield different results from different people and also from the 
sa me person at different times. 
There are two scenarios of use of ToADS, the quick hit and diagn osti c scena rios 
(section 7.2). The potential of th e quick hit use was found to be of interest to th e 
potential users in the case studies. This is linked to the fact that the people 
invo lved do not want a time consuming syst em - they want to get on with what 
they perceive as their 'real work', rather than getting 'bogged down' with planning 
and analyses. The users found the diagnostic use to be va luable because of the 
outputs (not reall y being concerned with the intermediate steps along the way). 
There are four basic stages of th e process of use that w ill be considered in this 
section (further details on process of use can be found in chapter 7): 
• Issue identification (box 1, figure 7.1), 
• Issue allocation (box 5, figure 7. 1), 
• Analysis (box 6, figure 7.1), and 
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The first two of these stages are necessarily linked, and they have also been found 
to be the most time consuming. Issue identification and allocation still require 
expert facilitation. 
Within the accident report analysis, the identification of issues was relatively 
straightforward for a number of reasons. Firstly, the incidents had already been 
thoroughly analysed and many key points (technical and organisationa l) leading up 
to the incident from thi s point of view, it can be suggested that ToADS will be of 
most va lu e as part of a wider investigation or process. The second reason for the 
incident cases issue identification being straightforward is the fact that the source 
information was limited (usually to the accident report and associated formal 
reports). This is very different to the interactions with the stakeholders to 
encourage them to identify issues. The work in the case studies highlighted the fact 
that the successfu l identification of issues is largely impacted by the initial 
successful description of the situation being considered. How such a case or 
situation is identified and what makes a case su itable (or not suitable) for analysis 
with this tool past prototype status has not been considered within thi s research . 
Deve loping a HMI/ GUI to aid in the identification and allocation of issues would be 
a useful next step for this re search . It is anticipated that such a development wil l 
help to address some of the current problems with thi s initial part of the process 
and remove (or reduce in the first instance) the need for expert facilitation . 
The ana lysis stage of the process for use is still at an immature level. It is currently 
based on a basic pattern comparison of the framework representations and 
counting of cells with the most issues identified . The two levels of comparison have 
different uses. The first is comparison of different views of the same instance. This 
formed a large part of the work in the case studies and the participants actua lly 
found the opportunity to discuss the situation with people they would not typically 
communicate with, very useful. From this, the comparison of different views was 
found to be insightful. The second stage of comparison is with historical cases from 
the database. This type of compari son has not been field -tested . A more 
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developed form of analysis will require further research and testing and forms part 
of the suggested future work. 
The final stage of the process for use is the application or use of the outputs from 
ToADS. To a large extent, this has been outside the scope for this research. This will 
be more concerned with the implementation of a final version of ToADS into an 
organisation. During the case studies, it became obvious that the users are not 
interested in understanding new diagrams, such as the DMF represen tation. They 
want more immediately usa ble outputs, which was the driving force of the 
development of the report format, presenting the key outputs in an easily 
digestible format (see section 6.4). 
8.5 Benefits of using ToADS 
This section outlines the potential benefits of using ToADS and the opportunity for 
technology transfers and use in other industries not specifically considered in the 
actualisation ofthis research . 
Although ToADS is still in the prototype stages, there are some benefits to using 
ToADS for an organisation. These have been identified through the industry studies 
(case studies and validation study), as introduced in earlier chapters and 
summarised here for completion. 
ToADS allows for detailed consideration of a set of circumstances, which may have 
had a positive or negative effect on the organisation. With little effort above and 
beyond existing organisational procedures, the organisation can consider 
implications for DMS. ToADS helps to ensure that all the important factors are 
considered and then helps to guide a structured analysis. 
The consideration of every single decision is impractical, both due to the sheer 
number and also the vast variety of decisions made. Individual decisions are 
unlikely to be completely identical, so assessing one decision will tell you little 
about future decisions. ToADS takes a different approach, looking at the DMS as a 
whole. The aim is to aid an organisation in configuring a DMS that is resilient 
enough to cope with the complex situations it may face. It allows organisations to 
consider the 'how' as opposed to the 'what' , and can remove ten sion from 
arguments by surfacing assumptions and by educating staff more completely about 
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DMS. It can provide benefits to all - the people involved in the last bad decision, all 
the way up to the board. 
Along with the component extensions outlined in section 9.3, there is other 
potential future work identified . Future work will be aimed at extending and 
validating ToADS in other industries, particularly construction and education. 
Furthermore, the National Health Service (NHS), would seem to be an ideal case 
for the exploitation of ToADS given the complexity of the environment in which it 
must make decisions and the sheer sca le of operation . It is also possible that some 
of the work could contribute to the augmentation of existing lesso ns learned tools 
and risk management processes, either as the whole ToADS tool or as individual 
components, or that it could be subsumed into existing suites of applications. 
After further development, ToADS may have the possibility to be used analytically 
to look at usage of decision processes (or modelling processes, such as GRAI, for 
example). 
8.6 Summary 
ToADS has been proven useful through a series of case studies and validation 
exerci ses. It is not suggested here that it is perfect. The process of use, for 
example, needs significant work to be developed past prototype stages. The whole 
tool also needs automation . 
With expert implementation, the process works, but it currently does not fulfil the 
requirement to be used by the non·expe rt . Future work envisages the production 
of a guide or handbook to assist the non-expert user in the use of ToADS. 
It is outlined that the individual components may be able to be incorporated into 
existing organisational tools and have the potential to be used and provide value 
as stand alone item s. 
When ToADS is developed past prototype stages to full version, quite a large 
amount of work will be needed to facilitate implementation of the tool. The 
process for achieving this has not been developed at the current moment in time. 
ToADS has the potential to become a very useful too for many organisations across 
sectors. 
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This chapter reflects on the accomplishments within thi s Ph .D. thesis. It is split into 
four main sections. The first, section 9.1, summarises what has been achieved, the 
second section (9.2) puts thi s into the context of the objectives that were set out 
at the beginning of the work (presented in chapter 1). Section 9.3 reflects with 
hind sight on the work, before section 9.4 considers future work and extensions. 
9.1 Summary 
The aim of this research was to develop a mechanism to support organisations in 
understanding and configuring DMS (Decision-Making Systems). It was determined 
at an early stage to look at the wider context in which decisions are made, rather 
than focu sing on specific decisions or DM (Decision-Making) techniques. This has 
provided interesting information during the work. 
The output tool , ToADS (Tool for the Assessment of Decision-making Systems) has 
been deve loped to prototype stage and has limited use and exposure to potential 
users and to an organisational context. 
The work has been presented at a number of national and international 
conferences (Molloy et ai., 2007a, 2007b, 2007c, 2008a, 2008b, 2008c, 2009a, 
2009b), a journal paper was produced at an early stage in the work considering 
different approaches (Rooke et ai., 2008) and two further journal papers are 
currently in print, looking at using ToADS to support DM and the implications of 
ToADS in the context of PSS (Product-Service Shift) respectively (Molloy et ai., in 
print a, in print b) . 
Much insight has been gained throughout this work, knowledge which was 
previously not well understood either within academia, industry or both. The 
majority of work that occurs within orga nisations is contributing towards decisions 
that are to be made. Organisations often have OM processes to be followed, but 
these have found not to be well understood nor used and actually only cover a 
small subset of all decisions to be made. The types of decisions that are often 
recogni sed are se lection decisions, for example should we purchase component A 
or component B? Should we work with supplier A or supplier B? Consideration of 
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the wider context, DMS for example, as suggested within thi s thesis may help to 
accommodate some of these short comings. ToADS has provision for such 
consideration . 
People within organisations are typically busy people, they do not want new 
processes to follow, especia lly if they cannot see the va lue they are receiving. As 
such, ToADS and its associated process of use, which have been created in this 
work, are designed to be subsumed into existing organisational processes. Outputs 
should be available without extensive effort being needed to create inputs. People 
will use support networks rather than computer tools - they wou ld rath er get 
advice from another person. Faciliti es such as forum s and communities of practice 
(CoP) should be better exploited by organisations. 
This work has been carried out w ith very close links to industry. This has a 
methodological impact. With industry based studies such as the ones within this 
resea rch , the most important thing is maintaining the relationship between th e 
research er and the organisation - no research will take place without it . Whi lst 
planning is important in research studies, when working closely with industry, it is 
also vital to be flexible. Upon reflection on the work that has been completed, it is 
evident that the best approach is to be very clear what information is needed, and 
be reso lute with that, but be w illing t o cooperate and compromise w ith an 
industrial organisation as to the meth ods used to co llect thi s information . The 
multi-t echnique methodology employed proved thi s to be a successful approach . 
9.2 Assessment of objectives 
To achieve the aim (as stated in section 1.3 and discussed in section 9.1) a number 
of objectives were identified . These have all been addressed and achieved (to a 
greater or lesser extent) . Table 9.1 presents each of the objectives and the extent 
t o which they have been achieved . 
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Objective 
Develop an 
understanding 
of DM practices 
and processes 
within industry. 
Understand 
issues/ 
conflicts/ gaps 
within practice 
and process. 
Investigation of 
state-of-the-a rt 
with in DM 
resea rch. 
Comments 
DM practices and processes did not seem to be 
we ll understood in industry, which made the 
research challenging . This was mainly because 
di rect questioning about DM did not yie ld the 
required information . Thi s led to the need to 
develop investigat ive t echniques to widen the 
context, wh ich in turn supported the 
investigation of DMS. 
An appropriate understandin g to complete the 
research was gained through the literature 
review and pilot studies that were carried out . 
Further work wi ll be necessa ry to develop a 
detailed, cross organisation and croSS sector 
understanding of DM and OMS in context . 
Detai led investigation was not possible into all 
aspects within the time available . However, 
some appreciation of the issues and conflicts 
affecting DM and DMS has been ga ined, 
together with which OM processes are avai lable 
and how people use them within the case study 
organi sati ons. This was accomplished through 
the literature review and both the pilot and 
industrial case studi es. It beca me clear that the 
aspects that have an impact on DM are t yp ica lly 
wider than those usually conside red in formal 
DM processes. 
One of the ma in issues id ent ified was that of 
local tai loring of forma l processes - whether it 
was done effective ly and whet her it was 
understood . 
If all aspects of OM were t o be considered, this 
would be a huge area. Hence, it was scoped and 
bounded as desc ribed in the problem statement 
(chapter 2) and the introd uction to the 
literature review (chapter 3). The foc us of the 
research was widening perception from DM to 
DMS. Time was spent looki ng into the 
availability of information for OM and 
understanding the roles involved in the va riou s 
aspects of DM . 
It has been covered to the content required by 
the research. 
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Section of research 
Li terature 
(chapter 3) 
review 
Pilot studies (chapter 
4) 
Case studies (chapter 
6) 
Lite rature 
(chapter 3) 
review 
Case studies (chapter 
6) 
Literature 
(chapter 3) 
review 
Ella-Mae Hubbard 
Create a 
framework and 
process for 
analysing and 
assessing DMS. 
Evaluation of 
the framework 
and proce ss 
using expert 
and user based 
methods . 
Develop a 
prototype tool 
to outline a 
process of use 
for supporting 
the framework 
and supporting 
process. 
There have been three iterations in the 
development of the prototype ToADS tool. 
Following early development of the DMF 
(Decision-Making systems Framework) based on 
the pilot studies, it wa s evaluated iteratively, 
and further developed, through the industrial 
case studies and validation studies. 
Further validation will be needed when ToADS 
is developed past the prototype stage. 
ToADS was developed following the initia l 
outlined of the DMF. 
Supporting the 
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Initial development 
(chapter 4) 
Onward 
development 
(chapter 5) 
Case studies (chapter 
6) 
Case studies (chapter 
6) 
Validation (chapter 
7) 
Refinement (chapter 
5) 
Process of use 
(chapter 7) 
Refine 
framework and 
support tool as 
necessary. 
ToADS was iteratively refined throughout the Pilot studies (chapter 
pilot studies, ca se studie s and validation 4) 
studies. 
Table 9. 1 Objectives assessment 
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This research has proved to be a useful learning exercise for those involved, 
especially the lead researcher responsible for this thesis. Key lessons have been 
learned regarding personal research planning and also involvement with other 
research, such as large research project. 
9.3.1 Research lessons 
The lessons identified are summarised and described below: 
• Planning and designing case studies: 
Q The case studies carried out were identified on an availability basis. This 
was largely dictated by the nature of the research. Whilst it was 
fortunate to have the case studies (with associated access) ava ilable, in 
an ideal world it is likely that more appropriate case studies could have 
been identified . Improvements in the case studies could include area of 
focus and time available with participants. 
• Working with other re searchers: 
o This has carried both advantages and challenges. 
o Working with another resea rcher in a similar area in some of the 
studies allowed for an increase in the amount of data which could be 
collected and analysed. This proved very useful. It also provided the 
opportunity to widen the scope of the context of the research. 
o Working with other researchers has limited or encouraged redirection 
of the planned resea rch at times throughout the work (along with the 
availability of the case studies). If this work was to be carried out again, 
it may be va luable to reduce the fle xibility afforded to others in study 
design. 
• Working as part of a large research project: 
o As above, this carried both advantages and challenges. 
o The KIM Grand Challenge provided a rich source of information and the 
opportunity to liaise and collaborate with more experienced 
resea rchers from across the country. 
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o At times, th e scale of the project seemed t oo large and not focused . It 
was not immediately clear how all th e work integrated t ogether. 
o Many of th e groups working on the project were very familiar with each 
other, which made it difficult at times to penetrate the groups. To cope 
with thi s, the research includ ed in thi s thesis became largely iso lated 
(seen as necessary t o complete the work and keep it more focused than 
it began) . However, in hindsight, more effort co uld perhaps have been 
made to investigate what other work was bein g carried out . 
o Wid ening the scope of the re sea rch - when is a large amount of information 
t oo much? 
o As noted throughout the thesis, the scope of DM is very large. It could 
be sa id upon refl ecti on th at t oo much tim e was spent at th e beginning 
of the work in investigating th e co ntext and developing and ju stifying 
th e scope, which necessarily changes as th e w ork progresses. With so 
much information availabl e, if th e boundaries are not set we ll , it is easy 
to becom e buried in findin g out new things and discovering where the 
work integrat es with oth er areas . Whilst this is very interesting, it is not 
as effici ent as it could have been and other methods may have been 
used t o jeep the work more focused th ro ughout - thi s is a rea lisation 
with the benefit of hindsight. 
9.3.2 Personal lessons 
Much has been learnt throughout this work, both from a research point of view 
(section 9.3.1) and also on a more personal level. For the author of this thes is, this 
work w as a first experience of resea rch and of compl eting a piece of work on an 
experim ental level - th at is work th at does not have very we ll defined steps 
throughout. Th e relative comfort of a clearly defin ed probl em looking for a clea rly 
defined so luti on was absent. Given thi s situ ati on, spending more tim e on pl anning 
early on may have been beneficial. Alth ough much control was afforded to the 
author th roughout the research, it was easy to feel pressures from many areas, 
including sup ervisors, more experi enced members of the research group, indu strial 
co llaborators and other members of the KIM project . These pressures contributed 
- [ 8 1 -
---------------------------------------------------------------------------------
Ella-M ae Hubbard Supporting the 
Configuration of DMS 
to th e reactive rather than proactive approach that was taken (something that 
efforts will be taken to avoid in the future) . 
9.4 Future work 
As with all research, this work has highlighted avenues of future work that leads on 
from it. Some of the future work has been identified during the resea rch that was 
carried out and other areas are direct continuations. The work falls into three main 
areas: development ofToADS past protot ype; integration and application of ToADS 
to other areas and; further investigation of industrial DM and DMS. These are 
outlined further in the followin g sections. 
9.4.1 Further development ofToADS 
ToADS has been developed to a prototype stage . As such , it has limited use w ithin 
industry. The t ool should be developed further to enhance its application. This 
includes: 
o Development of a software tool, including database. 
o Deve lopment of non-expert process of use, based on the software tool. 
o Development of training packages. 
o Development of a management process that looks after the tool as a li ving 
documents. 
o Suggestions for which role( s) in the organisation should have ownership for th e 
tool. 
o Further testing and validation with potential users. 
9.4.2 Integration and application of ToADS 
The future work in this area is two-fold . Firstly, given th e development of the 
software tool outlined above, plans are in place to integrate ToADS into a suite of 
enterprise modelling (EM) tool s, including tools to model the culture and role 
allocation within organisations. 
The second area of work is focu sed on widening the application of ToADS into 
other areas or industri es, as the development studi es and testing carried out at 
thi s stage have been limited to aerospace engineering, construction and 
manufacturing (and limited within these areas). This is linked to the further testing 
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and validation with potential users mentioned in the previous section. As stated in 
chapter 4, the work prese nted in thi s th esis has been built on a foundation of an 
understanding of accident and incident cases. This was reinforced with case 
studi es based on situations where issues had been ident ified and that required a 
so lution. ToADS has not been designed t o be limited to such accident cases, and 
should enable sta ndard practi ce or areas of best practi ce t o be considered and 
assessed . However, these areas have not been tested or investigated withi n the 
cases and further work is required to confirm this application . 
9.4.3 Further OM investigation 
As noted throughout the thesis, DM is a huge area . The consideration of the wider 
context of DMS extends rather than limits th is scope. In ord er to implement ToADS 
with in an organisation, or to provide a final usa ble software tool which enables 
organisations to use the principles of ToADS , a more detai led und erstanding of th e 
industrial OM processes will be required . 
A new Ph .D. project has just begun, looki ng at the integration of the tools under 
deve lopment within the Organisational Systems Engineering Research Group, of 
which ToADS is one. This is th e key focu s of curren tl y planned future work, and is 
outlined in figure 9.1. 
Mo:::If·1 ot v (Hfdfll lw" 
'!nL~rtJr ;tt (. ardc.lltll~tlC...> 11 
(om"lex !ov~te"" 
Cultural 
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Figure 9. 1 DMS within the context of enterprise modelling 
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This appendix presents extra information from the initial development stage of the 
research contained in this thesis . It contains a select ion of examples taken from the 
early versions of the instances (or incid ents or accidents) database. 
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Figure A. 1 The cases presented by leveson (2004b) had their issues identified and categorised 
according to the categories identified by Leveson. This figure, for example, includes the issues 
from the Mea (Mars Climate arbiter) inCident, associated by Leveson with flaws in safety culture . 
Each of these issues were then further categorised with key word s. 
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Figure A. 2 Following on from fi gure Al , this figure is a snapshot of th e issue cat egorisa tio n fo r 
each case . Where an inci dent had an associated issue with a correspo nding key word, a t ick was 
placed in the matrix. Th is a llowed a quick glance as t o which categories were associat ed w it h 
more incidents. 
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Figure A. 3 Following the identification of common issue types (figure A2L each case was 
recorded in an MS Excel workbook. This figure shows the template for th e entries. 
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Figure A. 4 This is a sample of a completed incident entry into the early spreadsheet based 
database . It was at this stage that further cases, such as the Enron Collapse, were added to 
consideration, alongside those initially presented by Leveso n. 
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Appendix B: 
Summary 
Student Project Pilot Studies - Extra 
Information 
This appendix presents extra informati on from the student project pilot studies. It 
contains samples of qu estionna ires and data taken from th e studies. 
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B1 Engineering Student Pilot Study 
81.1 Introduction 
Supporti ng the 
Configuration of DMS 
This study context was Systems Engineering Part C Group Project over the 
academic year 2006/07. 
81.2 Key information 
This section includes extra information on the data collected during the 
engineering student pilot study. 
B1.2.10bservation 
Observation took place where possible. One of th e groups was happy for 
observation to take place during meetings with their technical supervisors. Other 
observations took place during meetings with the SST (Systems Support Team) . 
Relevant observation points from all the groups are includ ed in tab le B1. 
Group Date/ deta il Observation Comments 
A Oct. 2006 - SST Expect their timeline to be set in Decisions can be heavily effected 
Meeting stone by t ime 
Nov. 2006 - "We're not sure how useful this This was not th e case, the gro up 
Supervisor is going to be as we don't tend to did in fact make a number of 
meeting and make decisions in meetings ." decisions and discussed a 
technical work. number of others, they just did 
not reali se that. 
Looking for external su pport - Th e expert group cou ld be seen 
the group sought out an expert as a CoP and are certainly a form 
group for their project of decision support, even though 
appl ication . the group did not reali se this/ 
did not use form al term s. 
" If we had all the time to do [the This was referring to the fact 
technical work] then we could do that the group perceived they 
better." have to sp li t their time 50% to 
techni cal work and 50% to 
systems work. Process is seen as 
taking time away from the 'rea l 
work'. 
The group gained advice from This is another form of decisions 
the technical supervisor. support. 
A lot of work was completed by This is a useful way of gathering 
the group on modelling and information to aid decisions. 
prototyping. 
"I think we need to start This wi ll be a key decision or 
constraining ourselves" series of decisions, but the group 
did not notice this. 
The technical supervisor offered The group w ill have lots of 
lots of suggestions and ideas to operational decisions to make 
- B2 -
Ella-Mae Hubbard 
th e group. 
None of the ideas th e supervisor 
offered were written down by 
the group. 
C Oct. 2006 Claim to have a dynamic tim e 
pl an 
Have act ions an d risk tracking 
Nov. 2006 - SST Rationale for decisions is (to a 
meeting certai n extent) captured in 
technical documentation and 
meeting minutes. 
Decision-making takes pla ce 
through a process of group 
discussion and conse nsus. A 
more detailed process (flow 
chart ) is in place if consensus is 
not reached . 
Experiencing viciou s circles in 
some decisions. 
March 2007 - Th e group has not used the DM 
SST meeting process they put in place. Th ey 
clai med the 'decisions to be 
made were all obvious'. 
Major supervisor req uirements 
change was not considered as a 
decision, nor was it put through 
any process. 
D Nov. 2006 Reanalysed process as it was 
ca using the group prob lems 
rather than providing support. 
Becoming stagnated . 
Issues of lack of trust 
Control issues - group vs. 
technical supervisor. 
E Nov. 2006 - SST Initial major decisions made 
meeting (environment, overall system, 
focus on proj ect ). Th e group 
discussed issues with key 
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upon which of these ideas to 
implem ent and how. 
This is key informati on for 
making decisions that was not 
captured by the group. 
Time has a definite impact on 
decision making. If th e plan is 
too dynami c, then slippage may 
be too frequent . 
This is useful, but the integration 
between these thin gs and 
decision making is a key thing to 
realise 
It is useful to ca pture rationale in 
this way. It is importan t that it is 
known where this information is 
to enable future use. 
Quite an appropriate decision 
making process, however, it 
should be noted that this 
addresses only technical 
decisions . 
Th e group is always looki ng to 
make th e best possible decision . 
Sin ce that is not always possible, 
making any decision becomes 
de layed. 
Th e decisions may have see med 
obviou s at th e time, but 
following this method can lead 
to forgetting rational e very 
quickly. 
This left the group unable to 
exp lain what they had done or 
why. 
Effectively having problems 
actually reaching or 
implementing decisions. Striving 
for th e best possible decision 
and in its absence, doing 
nothing. 
Ca n lead to problems with 
authority for making decisions. 
This can also lead to problem s 
with authority for making 
decisions. 
Ella-Mae Hubbard 
stakeholders in order to reach 
the decisions 
attempted to 
rationale. 
and have 
record the 
Required roles identified 
The group has a number of 
different mechanisms for making 
decisions. They are currently 
rec'orded in different places. 
Supporting the 
Configuration of DMS 
The group ta lked around 
resource all ocation (people/ 
time) without using the words. 
This inconsistency in format and 
location of information may 
cause problems. 
Table B. 1 Engineering student pilot study observation information 
B1.2.2 Key Decision Points 
This section out lines the data gathered with the key decision point questionnaire 
(a sample of which is includ ed in figure B.1). Th e groups were asked to discuss 
what key decisions they wou ld have to make as a group whi lst embarking on their 
projects. Th ey were also asked to note when they felt these decisions would take 
place (where possible) . The second time the questionnaire was administered, the 
groups were also asked to consider whether the decisions were at a strategic, 
tactical or operational level. The data col lected is presented in table B.2. 
Group Qu. Point Key decisions Tim escale (where 
included) 
A Start (1st Choosing group members May 2006 
questionnaire) Choice of projects - what to bid for June 2006 
Who wrote which bid June 2006 
Group roles June 2006 
Requirements (decide and captu re) October 2006 
Division of tasks October 2006 (End ) 
Time management decisions October 2006 
Outline design November 2006 
Detailed design and m aterials choice November/ 
December 2006 
Verificat ion - how to and have we? Jan·May 2006 
Distribution of budget Throughout (early 
planning) 
What to demonstrate in demonstration October 2006 
Mid·point (Dec. Decide on whether to build on the work October 2006 
2006) done by previous groups or start from 
scratch (OPERATIONAL) 
Decide where to purchase a model kit from November 2006 
(TACTICAL) 
Decide upon the group structure November 2006 
(STRATEGIC) 
Decide upon the overal l objectives November 2006 
(STRATEGIC) 
Decide upon our systems process October 2006 
(TACTICAL) 
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B Start 
C Start 
D Start 
E Start 
- - ------------- - - -
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Decide whi ch sensors and motors are December 2006 
required/ to be purchased (OPERATIONAL) 
Decide upon presenters for the interim December 2006 
presentation (TACTICAL) 
Decide what information to convey in the December 2006 
interim presentation, demo and report 
(OPERATIONAL) 
Decide upon a scenario for the final demo November 2006 
(STRATEGIC) 
Decide upon th e layou t of the component January 2007 
parts of our control subsystem 
(OPERATIONAL ) 
Reorganisation of the group structure January 2007 
(STRATEGIC) 
Decide upon the final hardware design for February 2007 
our modified platform (OPERATIONAL) 
Decid e final dem o and presentation conte nt M arch 2007 
an d stru cture (STRATEGIC) 
Decide when t o stop work on th e project - March 2007 
in term s of ph ases achieved (STRATEGIC) 
Decide how to structure the final technica l March 2007 
and systems reports (TACTICAL) 
Dividing roles (decid ed via experi ence) Done 
Project supp ort roles 
Definition of th e system 
Ideas 
Ove ra!i schematic of the system Beginning 
Hardw are and software requirem ents Early on 
M echanical - i.e . hanging projector Early on 
Budgeting -> cost of compon ents Start and ongo ing 
Overall prese ntation and delivery of project Midway 
(final product ) 
Orga nisati on and task delegation within initial stages 
group 
Group rol es (based on skill s) Summer 2006 
Responsibility areas Summ er 2006 -
revised 11/ 10/ 06 
after meeting with 
supervisor 
M eeting schedule 11/ 10/2006 
Document control and structure Next w eek (Mid 
October 2006) 
Resource allocation (i .e . prioritising) Week by week basis 
- depend ent of 
weekly reviews of 
progress. 
How best to spend our budget Throughout the 
project until it is gone 
ASSignment of t asks to specific st rengths of As and when th e 
group members tasks are decided 
upon 
Decide on requirements Now, ASAP 
Decide on deadlin es (d ecid e prioriti es of After decision of 
tasks) which tasks, ASA P 
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Decide when to have regular meetings 
F Start Requirements/ specification 
Time management 
Resource/ skill designation/ management 
Design (technical) 
Testing/ verificat ion 
Meetings 
Supporting the 
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next 2 weeks 
Yesterday (11/10/06) 
Table B. 2 Engineering student pilot study key decision point information 
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Figure B. 1 Key decision pOints questionnaire sheet 
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B1.2.3 Belbin Team Profiling 
Each of the individuals involved in the study were profiled and following that team 
roles may be analysed. The data is presented in table B3. Red squares represent 
very low scores, green squares represent high scores. 
Group Member CO SH Pl ME IMP TW RI CF SP 
A 1 0 1:0 5 3 14 15 7 15 11 
2 6 13 6 6 9 9 10 7 4 
3 7 8 9 6 8 9 6 6 11 
4 4 3 2 9 17 5 3 18 9 
5 11 8 23 4 6 2 13 0 3 
6 7 31 6 7 3 4 3 6 3 
B 1 8 7 5 5 19 1-' .;,->. 4 14 7 
2 8 5 10 8 10 9 4 10 6 
3 5 12 8 4 8 9 4 14 6 
4 3 8 3 12 14 4 16 9 
5 7 8 4 6 18 8 8 10 
6 10 4 4 7 13 17 10 0 5 
C 1 5 14 7 7 10 9 11 6 1 
2 5 7 6 4 14 9 3 8 14 
3 9 7 9 10 10 14 3 8 0 
4 7 5 16 9 8 7 10 4 4 
D 1 16 11 3 7 10 5 10 6 I '~>·· 
2 3 7 5 13 13 16 4 '1(:--:-7 9 
3 4 ~ 22 4 7 11 11 4 6 
4 9 15 2·:" 0 8 17 5 10 4 
5 3 8 7 4 14 5 8 13 8 
6 13 7 15 4 6 9 12 2 2 
E 1 3 12 11 2 13 11 5 7 6 
2 9 16 6 5 7 11 5 8 3 
3 9 8 8 9 10 7 7 8 4 
4 6 9 4 8 8 10 16 5 4 
F 1 11 10 11 7 7 4 5 8 7 
2 3 12 9 10 5 8 6 9 8 
3 6 4 13 11 8 7 8 8 5 
4 11 14 3 10 9 8 7 6 
.20""",, 
Table B. 3 Engineermg student pilot study Belbm team profiles information 
Group Summaries: 
• Group A: 
o Has a very strong Shaper, which is useful to provide drive for the group 
and overcome challenges, but can be prone to provocation. 
o Has a very strong Plant, which is useful to provide creativity and 
imagination and solving difficult problems. 
o Has no strong Coordinator, which may see the team without a clear 
leader or organiser. 
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o Has no clear strong Monitor Evaluator, which may lead to a lack of 
strategic implementation or good judge on issues. 
o Has two strong Implementers. An implementer is good at turning ideas 
into action, so is very useful for a team. Having two could lead to some 
conflict. 
o There is one strong Tea m Worker, who should be good at cooperation. 
The concern here is that some of the other members have quite low 
scores for Team Workers, which could mean a la ck of cooperation in the 
group. 
o Resource Investigator seems to be good across the group with no one 
Significant member. This will be useful for all members to be 
investigating and enthusiastic, at least at th e start of the project . 
o Has two strong Completer Finishers which bodes we ll for the 
completion and delivery of th e project on time. 
o The group lacks a definite Specialist, so will have to look outside th e 
group for advice. 
• Group B: 
o Has no strong Coordinator, which may see the team without a cl ear 
leader or organiser. 
o Has no clear Shaper, which may see the group struggle with obstacles. 
o Has no strong Plant, which may lead to issues with problem solving. 
o Has no clear st rong Monitor Evaluator, which may lead to a lack of 
strategic implementation or good judge on issues. 
o Has two strong Implementers. An implementer is good at turning ideas 
into action, so is very useful for a team . Havi ng two could lead to some 
conflict. 
o Has two strong t ea m workers and, on the whole, good scores for the 
team . This bodes well for the cooperation within the t eam. 
o Has no clear Resource Investigator, which may lead to opportunities 
being missed. 
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o Has three strong Completer Finishers, which will help the team to 
deliver the project on time. 
o The group lacks a definite Specialist, so will have to look outside the 
group for advice. 
• Group C: 
o Has no strong Coordinator, which may see the team without a clear 
leader or organiser. 
o Has a strong Shaper, which is useful to provide drive for the group and 
overcome challenges, but can be prone to provocation. 
o Has a strong Plant, which is useful to provide creativity and imagination 
and so lving difficult problems. 
o Has no clear st rong Monitor Evaluator, which may lead to a lack of 
strategic implementation or good judge on issues. 
o Has a strong Implementer. An implementer is good at turning ideas into 
action, so is very usefu l for a team. 
o There is one strong Team Worker, who should be good at cooperation. 
The group as a whole have good team working scores. 
o Has no clear Resource Investigator, which may lead to opportunities 
being missed. 
o Has no strong Completer Finisher, which may lead to problems with 
project delivery. 
o Has a strong Specialist, which will help to provide knowledge and key 
technical sk ills for the group. 
• Group D: 
o Has a strong Coordinator, which will be useful to the group in terms of 
organisation and decision-making. 
o Has a strong Shaper, which is useful to provide drive for the group and 
overcome challenges, but can be prone to provocation. 
o Has two very strong Plants, which is useful to provide creativity and 
imagination and solving difficult problems. 
- B9 -
• 
Ella-Mae Hubbard Supporting the 
Configuration of DMS 
o Has no clear strong Monitor Evaluator, which may lead to a lack of 
strategic implementation or good judge on issues. 
o Has a strong Implementer. An implementer is good at turning ideas into 
action, so is very useful for a team. 
o Has two strong team workers and, on the whole, good sco res for the 
team. This bodes well for the cooperation within the team . 
o Has no clear Resource Investigator, which may lead to opportunities 
being missed. 
o Has no strong Completer Finisher, and generally low scores throughout 
the team, which may lead to problems with project delivery. 
o The group lacks a definite Specialist, so will have to look outside the 
group for advice. 
Group E: 
o Has no strong Coordinator, which may see the team without a clear 
leader or organiser. 
o Has a strong Shaper, which is useful to provide drive for the group and 
overcome challenges, but can be pron e to provocation. 
o Has no strong Plant, which may lead to issues with problem so lving. 
o Has no clear strong Monitor Evaluator, which may lead to a lack of 
strategic implementation or good judge on issues. 
o Has no clear strong Implementer, which may lead to ideas not being 
realised. 
o The group as a whole have good team working scores, which should 
lead to good cooperation. 
o Has a strong Resource Investigator, who will be good at investigating 
potential for the group, but could lose interest when the initial 
enthusiasm has passed. 
o Has no strong Completer Finisher, and generally low sco res throughout 
the team, which may lead to problems with project delivery. 
o The group lacks a definite Specialist, so will have to look outside the 
group for advice. 
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• Group F: 
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o Has no strong Coordinator, which may see the team w ithout a clear 
leader or organiser. 
o Has a strong Shaper, which is useful to provide drive for the group and 
overcome challenges, but can be prone t o provocation. 
o Has no strong Plant, which may lead to issues with problem so lving. 
o Has no clear strong M onitor Evaluator, which may lead to a lack of 
strategic implementation or good judge on issues. 
o Has no clear strong Implementer, which may lead to ideas not being 
realised. 
o The group as a whole have relatively good t eam working scores, which 
should lead to good cooperation . 
o Has no clear Resource Investigator, which may lead to opportunities 
being missed. 
o Has no strong Completer Finisher, and generall y low scores throughout 
the team, which may lead to problems with project delivery. 
o The group lacks a definite Specialist , so will have to look outside the 
group for advice. 
B1.2.4 Document Analysis 
Document anal ys is took place based on the process and systems document that 
the groups submit as part of their assessment. The documents outline the process 
th e group undertook and should highlight any issues the group experienced or 
lessons they learned. 
Table B.4 highlights points of interest from thi s document analysis. 
Group Point of In terest 
A ''The project had run for three years 
previously and the group was able to learn 
Comment 
from the experiences of previous grou'-'pc:s:..."---1-:::-:-:----,.. ___ --:-_____ --,,.--j 
"In order for th e project to be a success This is quite a sweeping statement. It also 
and for the group to achieve the required highlights the fact that people tend to want 
outcome it was necessary to make correct to make the correct decision all the time, 
decisions throughout all of th e stages of or the best decision. This is not always 
the systems development process." practically possible and often can not be 
judged before th e event. 
M ain tool decision matrix Weighted matrix used for technical and 
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Matrices kept in group working area. 
"On occasion, old versions of 
documentation were worked on," 
B " In any project there will undoubtedly be 
decisions which will influence the direction 
which the project will take. If the wrong 
decision is made it will impact on the 
project in terms of cost, t im e and effort. It 
is therefore important to have a clearly 
defined decision making process and a 
method of recording reasons for any 
decisions to show traceability in the event 
of a decision being queried." 
Decision process on ly used for significant 
decision points. 
Decision process seems to require clear 
definition of alternatives. 
Decisions were recorded in meeting 
minutes. 
Recognised the issue of changing 
requirements, but made no link to decision 
making . 
C ''To aid in all decisions made during the 
project l'Ifecyde a process was put in place 
to aid in making decisions." 
"When working in a group it is vital that all 
members agree on each decision though 
this is not always possible, therefore a 
process is needed to guide the project 
members . 
The group adapted their decision-making 
process when they realised it was not of 
use and did not reflect practice . 
The group did recognise that there were 
different types of decisions to be made and 
that these wou ld be best handled in 
different ways. 
Recognised the importance of expert 
consultation 
The group recognised the need to record 
decisions and their rationale .. 
D Recognition of importance of 
communications 
Suggested there was a need to validate all 
the decisions mad e by previous groups 
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rational decisions, but no mention of other 
types of decision. 
Capture of rationale and traceability. 
Th e group recognised this was a problem 
and suggested actions to be taken, 
although it is not evident they understood 
fu lly the potential impl icat ions of such a 
problem . 
It is not clear how this was done and 
decisions did not appear obvious 
components of the documents. It would be 
quite difficult to identify and track 
decisions and rationale. 
It was very obvious that such a process was 
not used for each and every decision. 
This is more of an issue when there is no 
'superior' or person tasked with authority 
to make decisions . Consensus is never 
easy. 
Although many of the decisions noted and 
the actual process (including matrix) was 
for technical selection decisions 
. .. but did not specifically identify this as a 
form of decision support. 
... but at no point in their process do they 
look back at previous decisions, so the 
inform ation captured is not used . 
This is ambitious and perhaps ill -advised 
given the time scales. It also assumes 
adequate recording of decisions by 
Ella-Mae Hubbard 
Recognition that decision-making effects al l 
aspects of th e project. 
E Aimed to record decisions in meeting 
minutes 
Recognition that different approaches are 
required for different types of decision . 
"Every engineering project will reach points 
when decisions are needed in order to 
progress ." 
"There were times w hen the group were 
opposed to using the process as it was 
quite cumbersome to use when many 
decisions were needed which were not as 
importa nt as some high level decisions. " 
Recognition of va lu e of expert advice 
f "A decision making matrix was used to 
make key and! or complex decisions during 
the project. " 
Good recogn ition that the best component 
for an isolated purpose may not be the 
best component for the overall system due 
to interactions etc. 
The group had a supplementa ry decision 
making process using note ca rds. 
"The team felt that at the start of the 
project decision-making was slow, this was 
general ly because th e team was in search 
of the perfect solution. This held up th e 
progress of the project and a better way 
would have been to set a defined tim e for 
research and th en make a decision based 
on that. 
Supporting the 
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previous groups. 
Given that they identified the need to 
assess previous decisions, there was no 
evidence that th e group were mon itoring 
or record ing their own decisions. 
It was not obvious where this wou ld be 
done and the group also had extensive 
decision making documentation and forms 
for completion . 
There is evidence that the group is on ly 
recognising major or key decisions for the 
process at this stage 
Evidence that the group see extra 
processes as a hindrance rather than 
support. Definite focus on high level 
decisions (and technical ones) . 
Although did not label this as decision 
support 
How do you determine what these 
decisions are? Th e use of a matrix was 
solely for rational technical selection 
decisions. 
This was a dynamic and very visual process 
allowing the group to assess intereaction 
issues. 
Good insight. The group also highlighted 
the need to use processes where they were 
of use, rather than just for th e sake of it. 
Table B. 4 Engmeerlng student pilot study document analYSIS mformatlOn 
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B2. Ergonomic Student Pilot Study 
82.1 Introduction 
This study context was the Ergonomics in the Design of Mu lti -User Systems group 
project over the academic year 2006/07. 
82.2 Key information 
B2.2.1 Key Decision Points 
This data was collected in the same way and using the same form as the 
engineering student pilot study (see section B.1 and figure B.1). The data co llected 
is presented in tab le B.5. 
Group Qu. Point Key decisions Timesca le (where 
included) 
A 1 Th e mapping of stops 
Th e design of th e monorail 
2 Who will do what tasks? 
How to approach each ta sk 
Methods for research in g how various ta sks 
should be don e 
Meet regula rly and discuss progress 
Route to be finalised 
Design of control room and carriages 
Budget allocation 
Presentation structure 
M apping th e station s 
3 Decisions on route 
DeSign of controls and station 
Who to allocate what tasks t o 
Planning - when to get wh at don e 
Budget cuts 
B 1 Meetings - timing, workload, work to be 
done . To discuss information gathered as 
designate jobs to individuals 
Initial designs 
Resea rch 
Finding information from experts in th e field 
Presenting information to th e group to 
gather ideas ete. 
Aim s and objectives 
2 Delegate jobsl research etc. 
3 Deciding who was responsibl e for which 
tasks. 
What to do w ith a member who did not 
contribute 
Track design 
How to encourage people to work 
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C 1 
2 
3 
D 1 
2 
E 1 
2 
F 1 
G 1 
2 
3 
Supporting th e 
Configuration of DMS 
Deadlines 
When to meet 
Analysing the objective 
Discussing different ways to obtain the 
objective 
Who is going to be team organiser 
What are the important factors we have to 
consider when deciding where our train 
should go? 
Map route 
Allocation of tasks 
Allocation of time (for tasks and meetings 
Route decisions March 2007 (mid) 
Design decisions March 2007 (end) 
Costing March 2007 (end) 
Task allocation and division 
Who is our team coordinator 
HAZOPS 
Handing in all sections for everyon e to write 
up a report 
Where will th e monorail sta tions be? 
Route design Comp leted 
Station design 
Train design (i nterior and exte rior ) 
Health and safety issues 
Track route Ongoing 
Cost 
Write up! research Ongoing 
Route plan 
Sorting out who does what 
Trying to sort out the large pile of wo rk we 
have to do over Easter 
Allocation of work 
Defining route 
Questionnaire Feb 2007 (end ) 
Budget Feb 2007 (end) 
Research past monorails Feb 2007 (end) 
Decide who will carry out which particular 
topics to re search 
Route/ layout 
All members will be alloca t ed tasks 
Task length 
Number of station s 
Station designs 
Ca rriage designs 
Timing of arrival! departure at each station 
Control room design 
Design of th e control panel 
Check budget 
Tra ck design 
Peak flow times 
Route 
Size of carriages/ platform/ control room 
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layout of carriages/ platforms/ control room 
Track design and layout 
Castings 
Station design (and components of) 
Zones - time and cost 
Prototype 
Ticket machine/ barriers 
Maps and signs 
W hat task each perso n was assigned to 
Individual deadlines 
Design ideas 
Safety 
Writing report 
.. Table B. 5 Ergonomic student pi lot study Key DecIsion POints information 
B2.2.2 Belbin Team Profiling 
Each of the individuals involved in the study were profil ed and t hei r t ea m ro les 
were ana lysed . The data is presented in t able B6. Red squares represent very low 
scores, green squares represent high scores. 
Group CO 5H PL ME IMP TW RI 
A 1 6 11 2 7 11 9 la 
2 1~ 8 2 3 14 7 
3 4_ ,-11" ' 12 9 11 10 
4 7 S 11 4 14 8 
5 5 6 8 6 11 13 
6 5 1 12 7 12 11 
B 2 3 1· 7 5 16 8 
3 8 6 10 10 11 12 
5 9 3 13 4 6 6 
6 25 11 6 11 5 4 
7 ..t 7 1.2. .! 17 21 8 
C 1 3 9 5 4 15 7 
2 6 4 7 4 16 11 
3 4 8 7 6 21 8 
4 6 
.2. 5 5 10 9 
5 6 3 7 10 9 
E 2 8 6 7 7 10 9 
3 4 10 8 9 9 14 
4 12 4 7 5 14 10 
5 7 6 12 8 8 5 
F 3 7 5 4 10 9 8 
6 
n w 
12 8 11 5 
G 1 10 9 7 11 
2 6 4 16 18 
5 10 "7 7 5 7 9 
6 5 12 13 3 7 13 
... Table B. 6 Ergonomic student pi lot study Belbm tea m profil ing information 
• Group A: 
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9 
6 
7 
3 
6 
4 
14 
4 
3 
7 
8 
6 
5 
14 
8 
6 
7 
9 
10 
7 
19 
3 
9 
8 
CF 5P 
6 8 
9 2 
8 7 
13 
3 11 
14 4 
14 10 
7 t 
3 12 
4 0 
10 
12 8 
10 4 
6 4 
9 12 
7 12 
7 6 
6 4 
6 5 
9 6 
8 9 
8 7 ¥k' I ~ 
10 6 
4 6 
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Layout of carr iages/ platform s/ control room 
Track design and layout 
Cast ings 
Station des ign (and co mponen ts of) 
Zones - time and cost 
Prototype 
Ticket machine/ barriers 
M aps and signs 
W hat task eac h person was assigned to 
Ind ividu al deadlines 
Design id ea s 
Safety 
W riting report 
Tabl e B. 5 Ergonomic student pilot study Key Deci si on Points information 
B2.2.2 Belbin Team Profiling 
Each of th e individuals invo lved in t he study were profi led and t heir team ro les 
were analysed. The data is presented in table B6. Red squ ares represent very low 
scores, green squares represent high scores. 
Group M ember CO SH PL ME IMP TW 
A 1 6 11 2 7 11 9 
2 17 8 2 3 14 7 
3 4 0 12 9 11 10 
4 7 5 11 4 14 8 
5 5 6 8 6 11 13 
6 5 1 12 7 12 11 
B 2 3 1 7 5 16 8 
3 8 6 10 10 11 12 
5 9 3 13 4 6 6 
6 25 11 6 11 5 4 
7 1 7 2 17 21 8 
C 1 3 9 5 4 15 7 
2 6 4 7 4 16 11 
3 4 8 7 6 21 8 
4 6 9 5 5 10 9 
5 6 2 3 7 10 9 
E 2 8 6 7 7 10 9 
3 4 10 8 9 9 14 
4 12 4 7 5 14 10 
5 7 6 12 8 8 5 
F 3 7 5 4 10 9 8 
6 8 4 12 8 11 5 
G 1 0 9 10 9 7 11 
2 8 1 6 4 16 18 
5 10 7 7 5 7 9 
6 5 12 13 3 7 13 
.. Table B. 6 Ergonomic stud ent pilot study Belbm tea m profiling information 
• Group A: 
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10 6 8 
8 9 2 
9 8 7 
6 13 2 
7 3 11 
3 14 4 
6 14 10 
4 7 2 
14 3 12 
4 4 0 
3 10 1 
7 12 8 
8 10 4 
6 6 4 
5 9 12 
14 7 12 
8 7 6 
6 6 4 
7 6 5 
9 9 6 
10 8 9 
7 8 7 
19 0 5 
3 11 3 
9 10 6 
8 4 6 
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o Has a strong Coordinator, which will be useful to the group in terms of 
organisation and decision-making. 
o Has no clear Shaper, and in fact overall low scores in this area, which 
may see the group struggle with obstacles. 
o Has no strong Plant, and generally low scores in thi s area, which may 
lead to issues with problem so lving. 
o Has no clear strong Monitor Eva luator and generally low scores in th e 
area, which may lead to a lack of strategic implementation or good 
judge on issues. 
o Has two strong Implementers. An implementer is good at turning ideas 
into action, and can be very useful for the team. Having two could lead 
to some conflict. 
o Generally good scores for t eam-workers which bodes well for 
cooperation within th e team. 
o Has no clear Resource Investigator, which may lead to opportunities 
being missed. 
o Has a strong Completer Finisher, which will help the team to deliver the 
project on time. 
o The group la cks a definite Specialist, so will have to look outside the 
group for advice. 
• Group B: 
o The group has a strong Coordinator, which w ill be useful to the group in 
terms of organisation and decision-making. 
o Has no clear Shaper, and in fact overall low scores in thi s area, which 
may see the group struggle with obstacles. 
o Has no strong Plant, and generally low scores in thi s area, which may 
lead to issues with problem so lving. 
o Has a strong Monitor Evaluator which will be good for the group in 
identifying all options and making good judgements. 
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o Has two strong Implementers. An implementer is good at turning ideas 
into action, and can be very useful for the team . Having two could lead 
to some conflict. 
o Generally good scores for team-workers which bodes well for 
cooperation within the team . 
o Has a strong Resource Investigator, who will be good at investigating 
potential for the group, but could lose interest when the initial 
enthusiasm has passed. 
o Has a strong Completer Fin isher, which will help the team to deliver the 
project on time. 
o The group lacks a definite Specialist, so will have to look outside the 
group for advice. 
Group C: 
o Has no strong Coordinator, which may see the team without a clear 
leader or organiser. 
o Has no clear Shaper, and in fact overall low scores in this area, which 
may see the group st ruggle w ith obstacles. 
o Has no strong Plant, and genera lly low scores in thi s area, which may 
lead to issues with probl em solving. 
o Has no clear strong Monitor Eval uator and generally low scores in th e 
area, which may lead t o a lack of strategic implementation or good 
judge on issues. 
o Has three strong Implementers. An implementer is good at turning 
idea s into action, and can be very useful for the team . Having two could 
lead to some conflict. 
o Generally good scores for team-workers which bodes we ll for 
cooperation within the team. 
o Has a strong Resource Investigator, who w ill be good at investigating 
potential for the group, but could lose interest when the initial 
enthusiasm has passed . 
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o Has no strong Completer Finisher and generally low scores throughout 
the team, which may lead to problems with project delivery. 
o The group lacks a definite Specialist, so will have to look outside the 
group for advice. 
Group D - no responses 
Group E 
o Has no strong Coordinator, which may see the team without a clear 
leader or organiser. 
o Has no clear Shaper, and in fact overall low scores in thi s area, which 
may see the group struggle with obstacles. 
o Has no strong Plant, and generally low scores in this area, which may 
lead to issues with problem so lving. 
o Has no clear strong Monitor Eva luator and generally low scores in the 
area, which may lead to a lack of strategic implementation or good 
judge on issues. 
o Has a strong Implementer. An implementer is good at turning ideas into 
action, so is very useful for a team. 
o There is one strong Team Worker, who should be good at cooperation. 
The group as a whole have good team working scores. 
o Has no clear Resource Investigator, which may lead to opportunities 
being missed. 
o Has no strong Completer Finisher and generally low scores throughout 
the team, which may lead to problems with project delivery. 
o The group lacks a definite Specialist, so will have to look outside the 
group for advice. 
• Group F - not enough respondents for analysis. 
• Group G 
o Has no strong Coordinator, which may see the team without a clear 
leader or organiser. 
o Has no clear Shaper, and in fact overall low scores in this area, which 
may see the group struggle with obstacles. 
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o Has no strong Plant, and generally low scores in this area, which may 
lead to issues with problem solving. 
o Has no clear strong Monitor Evaluator and generally low scores in the 
area, which may lead to a lack of strategic implementation or good 
judge on issues. 
o Has a strong Implementer. An implementer is good at turning ideas into 
action, so is very useful for a team . 
o There is one strong Team Worker, who should be good at cooperation . 
The group as a whole have good t eam working scores. 
o Has a strong Resource Investigator, who will be good at investigating 
potential for the group, but could lose interest when the initial 
enth usiasm has passed. 
o Has no strong Completer Finisher and generally low scores throughout 
the team, which may lead to problems with project delivery. 
o The group lacks a definite Specialist, so will have to look outside the 
group for advice. 
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Appendix C: Construction Pilot Studies - Extra 
Information 
Summary 
This appendix presents extra information from the construction pi lot study. 
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C.l Introduction 
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This study developed out of discussions with other researchers within the KIM 
project, although this collaboration did not extend past the concept development 
stage. 
This study began in August 2006. It was developed to investigate how decisions 
which take place at various stages of the life cycle (for example design, construction 
and use) are supported by information available. 
The project to complete the construction work was highly complex, and involved a 
large amount of resources, knowledge and expertise. 
The initial aim of the study was to investigate key decisions and decision-making 
processes, along with the va lue of information in the deve lopment of a new 
innovative educational building. 
C1.1 Background 
The project being investi gated was the renovation of an existing building with 
construction of an attached extension. The new building (extension) wraps itse lf 
around the existing building with a continuous aiming fa~ade to th e academics 
offices and a top lit open plan to the interior for the researchers. It aims to 
promote synergy between the users. 
The project to complete the extension began in December 2004 and was 
completed in March/ April 2006. 
The key stakeholders are: 
• The construction company 
• The architects 
• The structural engineering company 
• The University's chief architectural consultant 
• The University, the Department and all the users 
The vision for the creation of the new bUilding was to create an environment and 
culture that supports world·class resea rch and learning. A number of business 
objectives were outlined to realise the vision. These are to : 
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• Maintain momentum of a leading university department (with 5* research and 
a number 1 reputation with employers) and keep pace with competitors 
• Use space more effectively and hence increase productivity 
• Create work environments that foster innovation, the generation of intellectual 
and social capital, research quality and knowledge transfer 
• Create an inspiring, harmonious, healthy and productive place to work 
Develop our sense of community and friend ship 
Integrate staff and stud ents attain an appropriate wo rk/ life balance 
• Have an environment that is a showcase for our profess ion 
• Create a place to be proud of, that differentiates us from our competitors 
• Recognise the important contribution of research staff and students by 
creating an improved, integrated working environment 
• Attract, develop and retain high quality staff and students 
Remove t emporary accommodation 
Increase collaboration and interaction amongst and between staff, students 
and industry 
• Create spaces designed t o support contemporary academic working practices 
• Capture lessons learnt in office space provision and design for the wider 
University 
Create a proper home for key research centres. 
Within this overall project, the pilot study focu ssed somewhat on the open plan 
research area, which was deve loped in the new building. Further information on 
the investigation of thi s information is included in the following section s. 
Following its completion, the building won awards at a ceremony aiming to 
recognise th e highest standard of excellence in architecture and design in the local 
area. 
The results of the analysis show that the realisation of the building is an excellent 
exemplar of a construction project, and it is understandable that it has been 
commended with an award, although there are aspects of it that are affecting the 
users' productivity, such as the design of the collaborative research hub . 
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C2.1 Document Analysis 
C2.1.1 Pre-Dccupancy Survey 
Supporting th e 
Configuration of DMS 
A workplace consultant from the architect company designed the pre-occupancy 
user questionnaire . It was used as a feasibility study. 
Th e survey had a response rate of 41%, which is fair for web based surveys. The 
survey had previously been carried out in over 60 organisation s, which allowed for 
external benchmarking of the responses. 
Key responses: 
• 
• 
70.3% of all staff were satisfied with the overall facilities (slightly below the 
benchmark of 74.9%) 
35.9% of staff were sati sfied with the environmental conditions (we ll below the 
benchmark of 60.7%) 
The survey also outlined that there was low satisfaction with informal and formal 
meeting space, quiet areas, layout, circulation and cleaning services. Some of the 
staff were also dissatisfied with their desk and storage space. Satisfaction w ith 
technology and office equipment was relativel y high. 
The main ca use of dissati sfaction was space for meetings and conductin g quiet 
work. 
The pre-occupancy questionnaire was carried out by the architects before 
commencing design of the new building and was carried out alongside th e study 
into 'Research environments for higher education' by Parkin et al. (2006). The aim 
of the questionnaire was t o evaluate the perceived satisfaction of the users with 
the facilities and environmental conditions of the existing building. Due to the 
experience of the architects in similar projects, the data collected could be 
compared to a 'benchmark' va lue to compare th e features of the existing building 
t o the results of surveys carried out at 60 other projects involving the architects. 
Due to the user oriented approach taken for the project by the briefing group, 
both the user's perception of the environment and the facilities were assessed in 
order to gain a thorough understanding of the problems with the building that 
would need to be rectified in the new design in order to increase the sati sfaction of 
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the users. The benchmark of perceived satisfaction for the environment of the 
workplace is 74.9% as stated by the architects whereas the perceived satisfaction 
of the environment for the existing setup was 70.3%. This shows that satisfaction 
with the environment within the existing building was slightly lower than other 
buildings that the architects had been involved in . 
There was low satisfaction relating to the areas of temperature, ventilation and air 
quality, noise and privacy. As a result of this, these areas were of particular 
importance during the design and construction of the new building. If these issues 
were not addressed then the new building would not be perceived to be any better 
than the old building, meaning that the large financial outlay would have been 
poorly utilised . 
In addition to this assessment, the survey also investigated the perceived 
satisfaction of the users relating to the facilitie s the building offered . This allowed 
simple identification of areas that were of importance to the users and as such 
should be included in the new building. The benchmark satisfaction for the 
facilities is reported to be 60.7%, the existing building falls far short of this from 
the results of the pre-occupancy questionnaire, with a perceived satisfaction of 
only 35.9%.The areas the users identified as low satisfaction were space and 
layout, meeting facilities and quiet areas. 
Importantly, the pre-occupancy questionnaire also looked at the perceived affect 
on productivity for the users. The affect of both the environment and facilities on 
productivity is considerable compared to the benchmark figures provided by the 
architects. The issues highlighted by this analysis was of particular importance to 
the briefing group for the project as it clearly identified the problems with the 
existing building and allowed identification of areas for improvement to ensure 
overall improvement of the new building over the previous environment. 
CZ.1.Z Post- Occupancy Survey 
Post-occupancy questionnaires were carried out. One was done by the 
organisation delivering the project, with another being carried out by the end user 
organisation. 
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The main assessment of the new building was carried out by the architects for the 
department by undertaking a post-occupancy questionnaire. This gave the 
department and understanding of the improvements that had come about through 
the completion ofthe new building. 
The results of th e post-occupancy questionnaire show that there is a large degree 
of sati sfaction relating to the environment offered by the new building. The 
benchmark for sa ti sfaction as reported by the architects is 70.3%. The new building 
exceeds thi s benchmark level of satisfaction by a large margin, with levels of 
satisfaction for the environment being recorded as 92.8%. 
The assessment of the satisfaction of the facilities offered by the new building 
provided a high level of perceived satisfaction for the users . The benchmark 
sa tisfaction was ca lculated by the architects as 60.7% but the new setup provided 
the users with a sa tisfaction far superior to the benchmark of 86.4%. 
Three feedback methods were employed in the Post Occupancy Eva luation: an on-
lin e workplace evaluation survey, a user-group workshop and a project team 
workshop. 
Some 100 of the 165 staff responded to the survey, equivalent to a 61% response 
rate. The staff were asked to rate sati sfaction with various aspects of the building 
on a five point, Likert based scale. 
Once the survey responses had been analysed, a workshop was held with 10 of the 
building occupants to explore the causes of any dissati sfaction. 
A project team workshop was then held with nine members of the project team 
representing the PM (Project Manager), QS (Quantity Surveyor), Contractor, 
Architect, Estates and the client side. The workshop covered: 
• 
• 
• 
• 
• 
• 
Quality of works pace (including occupant feedback ) 
Start-up 
Budget and cost control 
Programme and implementation 
Analysis of original vision and objectives 
Internal temperature monitoring. 
- C6-
Ella-Mae Hubbard Supporting the 
Configuration of DMS 
Ten of the occupants attended a workshop to discuss in more detail th e key issues 
raised in the survey. 
• Noise and privacy -The centre of the Research Hub can be distracting due t o 
people cutting through the desk space, the lack of barriers/ storage between 
the desks and the main circulation route, mobile phone ring-tones and noise 
from th e hand driers in the toil ets. The limited number of phones for the 
students also means that sea rching for particular students can be annoying and 
the students also seem reluctant to take a phone from their colleagues to a 
room for a prolonged length of time . Consider putting fixed phones in some of 
the meeting rooms for pri vate ca lls and redefinin g the circulati on route with 
storage and screen s. 
• Overheating - The intern al meetin g rooms also overhear as th ey appear to have 
no means of loosing heat if the door is closed, so consider grills/ tri ckle ve nts or 
similar devices wh ich can be used w ithout affecting acoustic insulation. 
Apparently the night-cooling strategy (purging) was not engaged in th e 
Extension building and the occupants are not leaving w indows open at night in 
the summer in th e resea rch hub. 
• Cold and draughts - The research hub and ground floor atrium are co ld and 
draughty in wi nter. Th e problems with the hub are mostly due t o th e controls 
syst em that is being retun ed . The cold air rel eased from the floor vents of th e 
atrium needs further investigation. 
• Printers - Problems with printers appear t o be limited to occasional 
occurrences and users not knowing how to redirect their material to an 
alternative printed. 
• Storage - The students would have preferred four-drawer cabinets, rath er than 
three-drawer, to provide more stora ge and privacy. In contrast, the academic 
staff are very pleased w ith their st ora ge but may need t o be remind ed of the 
archive room. 
• Community - The group proposed adding co lour and posters to the meeting 
rooms. More 'socia l' events are required to create more sense of community 
and invoke interaction between researchers. The industry exhibition was a 
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great success so consider more mini exhibitions and lunch time seminars of 
re sea rch . 
• Lighting - The dissatisfaction with electric lighting may be related to the sensors 
as lights occasionally go off in the hub when occupied and lights come on as 
th e staff walk past the offices. 
Th e building is maintained as we ll as th e maintenan ce budget allows, plus a new 
building is not considered a problem to mai ntain. Th e building would benefit form 
a Building Log Book or Operators manual so that the maintenance t eam and 
occupants know how to operate the building. 
The project t eam were asked what they would do differently if invo lved in a similar 
project in the future: 
• More investment of cost and effort in building services - the origin al design 
concept was diminished and the budget was also cut, but pity t o minimise the 
work on refurbi shin g the building services when carrying out a major fit -out 
project; more effort is required in commissio ning in a refurbished building and 
more attention t o detail in setting up the controls. 
• Needs t o be more process driven - change controls t oo ls exist but not always 
used, th e va lu e engineering could have been more stru ctured, and 
communication was sometimes an issue due to too much unfiltered email 
traffi c, but time did not allow for face to face meetings to reso lve issues. 
• More realisti c budget - if the budget is t oo low then additional effort is spent 
in redesigning, which can cost more, plus increases the timesca le; need to 
consider how to influ ence those in control of finances, there is a feeling that a 
little extra money would allow things to be done much better. 
• Repeat consulting phase and design competition - th ese phases of the project 
were invaluable but fund ed by the department, whereas the universit y should 
include it as part ofthe standard process and fund it. 
• Bring contractor in early - the two-phase procurement route seemed t o work 
well; consider partnering and open-book accounting. 
• Benchmark cost and quality -establish what you get for your money an d 
control expectation, outline the 'pains and gains'. 
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C2.1.3 Comparison of pre- and post- occupancy surveys 
Supporting the 
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The overall opinions of the users, derived solely from the results of the post-
occupancy questionnaire, were that the new building is a significant improvement 
over the old setup. 
Comparing the results of the two questionnaires shows a clear improvement in 
satisfaction with the environmental conditions, in particular, the factors that were 
the source of most dissatisfaction in the previous setup such as fresh air ventilation 
and indoor air quality. The large improvement in these two areas is due to the 
amount of research that went into choosing the method of ventilating the new 
building. The building was planned so that there was a constant flow of air through 
the building rather than fresh air being blown into an office and this has lead to a 
significant improvement in sati sfaction for the users. 
Whilst the level of privacy has improved from the old building, the satisfaction is 
still not excellent when compared to the benchmark value. This is attributed to the 
open area having little segregation, meaning that conversations can be heard, 
reducing privacy and increasing the distraction for other users in the vicinity. 
There were, however, areas of the new building that the users still found 
dissatisfaction with. These areas can be identified as the autumn/ winter 
temperature, privacy and noise from people and equipment. 
With regards to the levels of satisfaction relating to the facilities of the new 
building, there are clear improvements in the areas that were causing 
dissatisfaction before the move, such as reading and quiet areas, meeting rooms 
and information meeting areas. As shown, there was also a reduction in the 
satisfaction of the fax and copier facilities in the new building. 
As with the environmental aspects, there are also some areas that the users report 
dissatisfaction with the new building. These areas of dissati sfaction related to 
storage, catering facilities and reading and quiet areas. Although the levels of 
satisfaction for these aspects are lower than the satisfaction of other aspects of 
the new design, it should be noted that the satisfaction is still far in excess of the 
benchmark values. 
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A report presenting the key findings of a study investigating how resea rch 
environments may be better designed to support the activities of their occupants 
was made available for the purposes of thi s study, to investigate any impact and 
knowledge transfer from thi s study. Th e study was funded by EPSRC and took place 
over a duration of 18 months. (Parkin et aI., 2006) 
The study used a variety of data collection methods (observation, interviews, 
questionnaires etc .) and collected data from a number of HE (Higher Education) 
resea rch facilities. 
Much of this study was considered when arranging the working space for the new 
building. In analysing the documentation, interest was taken as to the applicability 
of th e conclusions and findin gs for the further development of the new building. 
The study looked at the impact of different research environments, categor ising 
them as eith er ' individual -centred' (designed to support solitary work) or 'group 
centred' (designed to encourage co llaborative working). It was suggested that 
there is significant evidence that th e work environment influences behaviour and 
productivity. 
A number of areas were considered with respect t o introducing/ increas ing group-
centred wo rkspa ce . Th ese include : fostering interaction, provision of co llaborati ve 
space and meeting room s, breakout/ social spaces, interacti on with visitors, 
pri vacy (tel ephone and visual ), regulating interaction with others, issues with and 
impact of increased noise levels. The advantages/ disa dva ntages of hotd esk ing in 
such an environment w as also considered. 
Th e conclusions from this study are outlined below: 
• What do researchers value in a work environment? 
o Supporting communication - fundamental t o th e resea rch process, both 
formal and informal communication. 
o Privacy - some tasks need a quiet, pri vate environment, and assistance 
in regulating interruptions. 
o Ambient conditions - provision of adequate heating, ventilation and 
natural light sources. 
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o Breakout areas - provision of space to rela x, away from the work area. 
o Storage - preferably close to desk. 
o Display space - for planning, notes etc. 
Is hotdesking practicable in research? 
o Co nsidered a success in the studies they carried out. 
What is the impact of the shift from individual to group centred research 
environments? 
o Comm unication - provision of break out spaces and collaborative work 
spaces is useful , but there is the reminder that some tasks need to be 
completed individually. Conversations can also sometimes be inhibited 
due to a desi re not to disturb those not involved . 
o "Th e problem of conflict between the drive t owa rds increased 
communication and resea rchers' need for pri vacy and quiet raises the 
question of th e extent to which HE resea rch environm ents should be 
designed to support existing, individual work-practices rather than to 
foster collaboration and teamwork." 
o There was a call for research practice to first change t o be more 
collaborative, thus increasing the demand for collaborative work 
environments, rather than trying to force co llaboration on individually 
based resea rch practice. 
• Other conclusions included the fact that work-practices at different 
institutions, in different departments will vary and call for different work 
environments . The key word here is 'appropriate'. It is also worth remembering 
that research work force is often transitional, especia lly with Ph .D. students. 
Staff in a research environment w ill also come from a wide variety of 
backgrounds, with a resulting rich diversity of perspectives. 
C2.1.5 Outline brief 
An outline brief for th e development of the building was produced . 
The development adopted Creating Excellent Build ings (Cabe, 2003) as a guide . 
This document also out lin es the briefing group, a group representing the users 
(and different user groups) of th e proposed building. Their targets were to : 
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Assist in the planning, design and implem entation ofthe project 
Help define and forecast the activities, operat iona l requirements, atmosphere 
and image ofthe department 
Stimulate interest and participation 
Act as a sounding board for id eas 
Co ll ect and disseminate inform ation 
Act as a conduit w ith other staff and researchers 
Visit reference buildings 
Monitor resea rch club pilot 
Link t o t echnical groups for specific expertise and design audits and hence 
contribute to our brief to the design team . 
This is identifi ed as a decision support group. 
A web bulletin boa rd which was establ ished to facilitate communication and 
debate during the project . This was also described in the brief and is a potentially 
very useful form of decision support. 
A number of options were considered to achieve the desirable outcome. Th ese 
were assessed against an analysis of existing space usage and future needs. 
A number of questions and dilemmas were raised in the outline brief. Th ese are 
outlined below. 
• Achieving an appropriate balance of privacy and personalisation ve rsus open 
and informal working patterns 
• How should research teams and co llect ive action be encouraged and 
supported ? 
• Can some form of hot-desking for researchers in the building achieve space 
efficiency gains without un due detriment to research effectiveness of sense of 
belonging? 
• How can changes in workp lace settings be planned, implemented, monitored 
and adapted to maximise the benefits and minimise anxiety and distress? 
• How can th e benefits from a combination of shallow and deep plan building 
floor plates be maximised 
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• How can the space between the existing and new buildings be made more use 
of? Would this be best achieved by enclosing it? 
• How important to interaction is the physical linking of the new building to the 
existing building? 
• Will a combi office design achieve the objectives and provide good utilisation in 
terms ofthe open plan offices? 
• Can staff be persuaded that a combi office solution will be beneficial and that 
their office space is more than just their personal cellular space? 
• Can the building allow for future expansion? 
• How can the new building be integrated with existing architectural language, 
with it being true to its time, yet sitting comfortably with its neighbours? 
It is worth noting that many of these issues were also raised in the focus groups 
(and post occupancy survey) that was conducted after the construction project 
was completed as part of this research work. 
The brief discusses the pilot that was part of the research environments study. 
A survey was carried out reviewing the space and space allocation for the new 
bUilding. The outcome of the review has been considered with respect to the 
outcome of the project within this research . The findings of this review are 
outlined below: 
• The solution should create a range of work settings that encourage interaction, 
both deliberate and causal, amongst staff, amongst researchers and research 
teams and between staff and researchers. It must also support easy but secure 
access to staff for undergraduate students. 
• The department has suffered from being split between buildings. 
• Researchers seek a variety of modern, creative, problem-solving work settings 
that support their research activities. 
• Staff need more flexible work spaces that encourage formal and casual 
interaction and support meetings with researchers, undergraduates and 
industrialists . 
• The continued engagement of industry is vital to the future success of the 
department and a leading institution will be expected to operate from high 
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quality accommodation, supporting innovative and creative research . Industry 
must be drawn into the department by its reputation , achievements, people 
and work environment. 
• It is important for the department's credibility that it has adopted the lessons 
and new working practices that have arisen through construction research and 
been implemented by organisations leading the knowledge economy. 
• Improved working environments are essential if the department is to compete 
with its main UK and international competitors. 
• The deep plan space of the building should be turned from a problem to an 
asset. The structure and fabric is of high quality and architectural merit, but the 
first floor partitioning is restricti ve and results in low quality office and teaching 
spaces. 
• The roof extension solution proposed is not appropriate. It promotes 
traditional, out-dated work practices in an expensive location, does not address 
th e inadequacies of the existing space and would cause major disruption during 
construction . 
C2.2 Interviews/ Questionnaires for Primary Stakeholders 
As a way of identifying the strategic level decisions taken during the construction 
project and detailed information about the use of the building, interviews were 
conducted with representatives from the customer department/ end users. 
Interviews allow the extraction of information about specific areas of the project 
and facilitate rich, detailed answers from the interviewee. The people interviewed 
had heavy involvement in the construction project which meant that the people 
best qualified to answer the questions posed were used. As a result of the direct 
nature of thi s method, it meant that follow-up questions could be posed to probe 
areas of interest to the project . 
As with any interview, the responses from the peopl e questioned were subj ect to 
bias as the information that was gathered would have been subject to the opinions 
of the interviewee. The points raised during the course of the interview would 
have been limited to what the interviewee was aware of, so it is unlikely that those 
interviewed were aware of every singl e decision made and problem due to the size 
- C 14-
Ella-Mae Hubbard Supporting the 
Configuration of DMS 
and complexity of the project. This could potentially have lead to bias caused by 
the unwittingly interview stating biased facts, but due to this project concentrating 
solely on strategic level decisions; it is unlikely that a crucial point would have been 
overlooked. 
C2.3 Workshops/ focus groups 
Two focus groups were carried out. Along with allowing for discussions on the 
acceptance and perception of the new building, a questionnaire was also used to 
elicit more formal information (see figure Cl). 
Qu'est ionnaire 
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Thank you for your r,irn e,r 
Figure C. 1 Questionnaire used in focus groups 
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C2.4 Further Analysis 
supporting th e 
Configuration of DMS 
It was noted that, although not common in th e construction industry, there was 
knowledge transfer between projects in this case. This was mainly considered for 
the use of the space within the building. 
Every decision mad e during th e project, including th e strategic level decisions, 
were subject to a range of constraints, some put in place by the univers ity and 
others as a result of the t ype and size of th e project. Thus, the larger the project or 
organisation, the more constraints there are likely t o be imposed on th e decision 
maker. The construction of th e building invo lved a large numb er of people and 
tea ms, such as the briefing group as we ll as the architects and contractors. This 
interaction between the components within the system increases complexity 
which constrains th e decisions along with other factors such as time and cost. 
Some of the constraints on decisions during th e course of the construction project 
are: 
• Complexity - due t o th e nature of th e project, making a decisions regarding 
one aspect of th e project was unlikely to affect just that one aspect; its effect s 
were likely t o have been felt across other areas of the project. This is du e to 
complexity, which is caused by interactions between the different constituent 
parts of a project or system, which may be deliberately included or emergent. 
In some respects, com plexity can be a useful way of regu lating decision making 
in th at it wi ll fla g up a wa rning of the effects of a decision in another part of the 
project and make the decision maker aware of th e potential consequences of 
their actions. Co nverse ly, the presence of complex ity can ca use failures in that 
a decision made can adversely affect th e project by creating failures in an area 
of the project seemingly separate. (Further information is included in section.) 
• Th e desire to create a showcase for th e department - w ith the department and 
th e experience of the people wo rking within it, the project was viewed as a 
way of showing what th e department is capa bl e of. This decision to use the 
project as a showcase for th e department was taken at an earl y stage by the 
briefing group and would have constrained decisions made later in the project . 
The result of this was that a more nove l and complex design so lution was 
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chosen for the project, with a strong emphasis on aesthetics of the bUilding as 
well as layout and content. A more simple design that met the needs of the end 
user could have been chosen, but the opportunity to promote the department 
and the university dictated that the more complex design was favoured . 
By using the whole project as a showcase it meant that the choice of architect 
and design had to reflect this meaning that the design had to not only be novel 
and meet the user requirements, but also meet the budget requirements of 
the project . The decision to make the building a showcase for the department 
and the university proved to be an excellent one as the building was named 
'Building of the Year' at an award ceremony following its completion . 
The effect of the working environment - was important in the project. The 
spatial requirements of the new building were stated in the outline brief 
produced by the university and, although the design of the building is 
unorthodox in shape and deSign, the needs of the users were still vastly 
important to the project. 
Time and cost - a key constraint in any project. As a result of the project 
consisting of part new build and part refurbishment of an existing building, the 
potential disruption to the people using the bUilding was quite considerable . As 
a result of this, the timescale for the whole project was confined to a ti ght 
schedule to minimise the disruption , the whole construction of the building 
was scheduled to take place in just 42 weeks, with the refurbi shment project 
taking a further 19 weeks to complete. These constraints affected the decisions 
made during the choice of building method (along with the materials and style 
of the furnishing of new building) . Despite the complex shape of the annex, a 
simple steel girder support frame was constructed with the floors and internal 
wall s supported by this frame . This allowed the supporting structure of the 
building to be rapidly erected . 
The need for a rapid project was also of benefit to the people who had been 
working in the temporary portacabins as it allowed them to move into new, 
purpose built offices and workspace, creating a much improved working and 
research environment. 
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• In the end, the project did over run the time allocation, but only by a few 
weeks, which is a result of the changes to the project as a result of budget 
reduction . The reduction in budget meant that alterations to the design were 
required in order to meet the new cost target . These design changes delayed 
th e delivery and occupation ofthe bUilding. 
• As mentioned above, the budget for the construction was altered durin g the 
course of the project due to some of the allocat ed money for th e proj ect being 
reallocated to another department of the university. As such, the budget for 
the annex was £2.Sm with the cost of refurbi shing the existing building 
t otalling £SOOk. 
• With the funding from the project being sourced from the government's SRIF, 
it was important that th e project met the budget set out by thi s fundin g. As 
mentioned, nOOk of the fundin g was reallocated w ithin th e university. The 
architects and contractors were mad e aware of thi s and addressed the major 
cost issues relating t o the fa~ad e , roof lights, services and red uction of th e 
green roof of the building. This meant that the construction process was 
delayed . A revised programme was produced and agreed, reducing th e over-
run by three weeks. 
C2.4.1Identified Decision Support Mechanisms 
• Briefing group 
• Web forum 
C2.4.2 Identified Key Decisions 
Th e key strategic decisions identified are outlined below, in chronological order. 
Replace temporary offices in porta cabins - the end user department at the 
university is one that has seen rapid growth since the 1980s. As a way of dealing 
with thi s expansion, temporary offices for staff and resea rch were provided by 
installing portacabins next to the existing building. This temporary so lution was 
installed around 1990, but in 2000 th e portacabins were still in position and due t o 
the continual growth of the department it became overcrowded with unsuitabl e 
study and resea rch conditions. The decision to look at improving thi s situation was 
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taken in July 2002, with a view to identifying the activity of the department and its 
needs in order to improve the level of research being undertaken. The decision to 
replace the portacabins and provide new offices in a new, dedicated building was 
taken in light of the fact that staff and researchers were spread around the 
department where space was available, meaning that the communication and 
interaction s between the research staff was adverse ly affected. 
Application for SRIF funding - in order to lessen the financial cost to the university 
of providing a new building for the department funding from the government's 
Strategic Research Infrastructure Fund (SRIF) was sought. The SRIF programme is in 
place to encourage the development of centres of research that show potential to 
carry out project s and produce information of importance to their particular field. 
In the first round of funding, the majority of the money went to the development 
of another area within the university; however, in the second phase of funding the 
department's application was successful and the funding was supplied through the 
SRIF. 
Execute feasibility study - As a way of improving the chances of the department 
gaining the required money from the SRIF, a feasibility study was carried out. The 
reason for thi s feasibility study was to identify the spatial needs of the department 
and what needed to be improved . At the time of the study, the department had 49 
academic staff in individual offices and 10 secretarial staff in shared offices of 2-4 
people, and with the size of the department increasing each year, the need for 
more space was confirmed by the feasibility study. The cost of carrying out the 
feasibility study was £10,000 which is clearly a large outlay for potentially no 
return; however the decision that the proposed construction of the building would 
meet the criteria of the SRIF proved to be a good one, as the funding was supplied 
at the second attempt. 
Formation of the briefing group - As a way of discuss ing decisions that needed to 
be made as the project progressed, a briefing group was set up. The idea of the 
briefing group was to allow members representing each of the user groups to voice 
their opinions and concerns with regard to each aspect meaning that the needs of 
th e end-user would be encompassed into the finished building. The briefing group 
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was in place to deal with a variety of tasks and make decisions based on a range of 
topi cs . These topics included the planning, design and implementation of the 
project . The briefing group also acted as a sounding board for proposing and 
discuss ing ideas relating to the project as well as predicting and defining the 
acti vities, operational requirements and atmosphere of the departm ent as a 
whol e. As a way of concisely identifying the need and capabilities of the briefin g 
group , th e following list of aims was produ ced for the project : 
• 
• 
To assist in the planning, design and implementation of the building 
To help define and forecast the: activities, operational requi rements, 
atmosphere and image ofthe departm ent 
• To stimulate interest and participation 
• To act as a sounding board for ideas 
• To collect and disseminate information relating to th e project 
To act as a conduit w ith other staff and researchers 
Monitoring of the resea rch club pilot 
• Create links to technical groups for specific expertise and design audits and 
hen ce contribute to the bri ef of the design t ea m. 
Th e members of th e briefing group were chosen to best represent th e major t ypes 
of staff and student groups who would be affected by th e project . Th e group 
consisted of severa l academics, two secretarial staff, the IT manager, a 
representative for research students, a representative for research associates and 
the head ofthe department. 
The peopl e involved in the briefing group either vo lunteered t o join the briefing 
group or they were asked to represent th eir particular group . This meant that th e 
people involved in the briefing group were not chosen necessa rily because of their 
experience in a particular area, more for their ability t o express th e needs of their 
background group of users. 
Despite thi s, th e experience of each of the members of th e briefing group would 
have contributed to the decisions made and, as such, the t ypes of decisions made 
can be categorised as Naturalistic DM. 
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Choice of specification for the new building - the vision for the project is defined 
in the outline brief (assessed in section 4.2.2. 4.5). As a way of meeting this vision, 
the specification for the finished building was set out at a very early stage of the 
project so that the goals of the project were clear all the way through the project. 
The decision to make the specification so thorough and to produce it so early in 
the project wou ld have allowed a decision making model, such as th e V-Process, to 
be used in order to break the project down into manageable tasks. The 
specification for the project was produ ced by the universit y and encompasses the 
user requirements of various aspects of the building such as the internal spaces, 
the structure and fabric of the building services. The decision of which user 
requirements were incorporated into the building was based on preliminary 
research carried out in order t o establish th e main activities and duties of the 
people who will be using the new building. In order to do this, the users were 
categori sed into three main user groups: academic and academic related, research 
staff/ students and undergraduate students. This allowed the movements and 
usage of the existing building to be identified and, as such, highlight which aspects 
were crucial to the successful implementation of the building. By carrying out 
assessments w ith the end user, it was assured that the so lution wou ld be 
acceptable for its proposed use and user groups. By using pre-determin ed 
methods during the project, the chance of a poor decision reduces considerably. 
Functional Requirements of the Building - in order for the new building to be 
accepted by the end users and to facilitate the effective use of the building, 
functional requirements were set out for many aspects of the project. There were 
many requirements set out for the constituent parts of the project, however, it is 
outside the scope of this study to investigate them all . Only some of the key 
requirements have been analysed. 
• Building layout - the layout of any building has a large influence on the working 
environment of the people usi ng the building. Proposed from the very outset 
of the project was a large, open plan research area to allow co llaborative 
research to be carried out. In order to establish how viable this plan was, a 
research club pilot was carried out in May 2003 by creating a 150m2 area in the 
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departmental building. This allowed the effects of open plan working to be 
assessed as well as provide much needed space for research areas in the short 
term. 
The quality of the research environment and how it can be best designed to 
assist the users was investigated by Parkin et aI., (2006). This paper identifies 
two different types of research environment, individual-centred research 
environments and group-centred research environments, such as the research 
club pilot carried out at Loughborough University. The use of group-centred 
research space within the building allows the proposal for a collaborative 
research centre to be met. The findings of this research would have been the 
basis for the decision to use an open plan layout within the new building. 
Due to the results of thi s research , the decision to have a collaborative 
research centre within the building was taken in order to encourage a 
productive research environment. 
• Air temperature/ circulation - another decision that was made during the 
project was what type of heating and air circulation system would be used. The 
results of the pre-occupancy questionnaire showed low perceived satisfaction 
in areas relating to fresh air ventilation and the quality of the indoor air. The 
perceived satisfaction for the temperature of the old building in both summer 
and winter was very low. Clearly, it was important that a well informed 
decision was made relating to these issues in order that the environment 
would be much improved over the previous facilities offered. 
The old building ventilation system operated on a 'full-fresh air' system where 
fresh air from outside the building was fed into the building through ven t s by 
supply fan s with heating elements located in the ducting to offset the loss of 
heat from the building during winter. In order to equalise the air pressure and 
excess warm air, mechanical extracts were in place, particularly in the 
computer suites due to the amount of electrical equipment. 
As a way of meting the needs of users, the refurbished building's ventilation 
system was modified. The ducting in the refurbi shed building was replaced if 
needed and extended to reach the centre of the building to provide fresh air to 
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all users of the building. This meant th at th e users w orking environm ent w ould 
be improved on the basis of th e results from th e pre-occupancy questionnaire 
carried out by th e architect s. Th e control system for th e ventilation w ould also 
be improved t o allow the users t o tailor th e syst em t o their requi rements. 
Due t o th e budget constrain ts and the complex ity of modifying th e heating 
syst em in th e ex isting building, no changes were made t o it during th e 
refurb ishment . In th e old design, th e offi ces around t he edge of th e building 
w ere perce ived t o be too coo l however the decis ion t o make th is area open 
plan woul d improve th e circulation of the heat ed air. In addit ion t o thi s, th e 
bri efin g group hoped that using th e ann ex t o 'wrap ' th e existing building would 
also reduce th e amount of heat lost from the building t o the surroundings . 
The existing buil ding had no active cooling system in place mea ning the 
decision t o impl ement a dedicat ed syst em in t he refurbished buil ding was 
eas ily justifi ed based on th e results of the pre-occup ancy questionn aire. This 
cooling was implemented by th e use of louvers located aro und the buildin g and 
was aided by th e use of the ve ntilation fa ns running overnight wo rki ng to cool 
the large 'therma l-mass' of th e concret e fl oors and wa ll s, thus produci ng a 
cooling effect during the day. 
With the annex of the project being a new bUild, thi s gave an excellent 
opportu nity t o apply a bespoke setup for controlling t he environment withi n 
the building. As such, t he ventil ation of t he offices around the edge of the 
ext ension can be ventilat ed by openable w indows. In addition t o thi s, th ere is 
mechan ica l ventilation t o aid th e ventilation of th e internal spaces of th e ann ex 
via ducting and fl oor level vents. These vents were placed around th e fl oor area 
to provide a distributed sp read of fresh air, but can also be moved and re-
locat ed or further vents add ed should th e layout or requirements change. This 
over-design was also apparent for th e choice of fa ns for th e ventilation, th ey 
are over-s ized, meaning that there was provision t o increase the ventilation in 
areas prone t o overheating, such as th e glass-roofed atri um between t he 
ex isting building and th e ann ex. 
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The initial plans for the annex stated the use of a 'green roof' , which would 
have insulated against heat in the summer and against cold in th e winter, 
however, due to budget re-allocation , thi s was not included in the final design. 
As a result of this, more emphasis was put on the systems used to cool and 
warm th e annex. The heating was chosen to be und ertaken by a heated 
'trench' that runs around the perimeter of the annex to provide heating. This is 
complimented by the wa rming of air t o a tepid temperature and allowing th e 
users to suit the environment to their needs, th e perimeter heating was split 
up into two section s and controlled by thermostatic valves with a remote 
sensor to control the temperature. 
There is no active cooling system such as air condition within the annex, 
instead th e use of trickl e vents fa cilitate the circulation of cool air from outside 
th e building. This is assisted by the use of an extract at th e highest point of th e 
atrium, in order that the air is drawn into th e bottom of the building and passes 
up through thi s space, Circulating fresh air as it moves. In addition t o this, the 
mesh fa,ade surrounding the building provides shade for the windows of the 
offices around the perimeter, thus reducing the effect of so lar gain on the 
building. 
• Lighting - due to the design of the extension and th e refurbishm ent of the old 
building, there is a large amount of natural light entering the building. This is 
due to the decision to includ e several novel design features in the construction 
of the building. Th e large atrium joining the two sections of the building allows 
natural light to filter down to the lower leve ls, the large windows of th e 
perimeter offices allow large amounts of light to enter. In addition to thi s, as 
part of the refurbi shment side of the project, fou r large skylights were installed 
in the roof of the building to provide much improved lighting conditions in the 
centre of the collaborative research hub . 
This increase in natural lighting was complimented by the use of up lit lighting 
onto the ce iling to provide a diffused light in order to reduce glare and 
reflections which could have potentiall y caused discomfort t o the users. In 
addition to this, the open plan area of the resea rch hub was equipped w ith 
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motion detectors in order that the lights are only switched on in areas that 
people are working. 
• Environmental considerations - as a stipulation of the design for the building 
by the architects, the university demanded that the project should be 
environmentally sustainable . As such, the choice of certain aspects of the 
design and construction were included in th e project in ord er to meet this need 
for sustainability. The green roof, which would have attenuated rain water run 
off, was removed from the design due to budget alterations and, as such, the 
decision to install a stormwater tank was taken in order to reduce the chance 
of localised flooding around the building. 
As well as providing much needed light and an impress ion of space in the 
centre of the research hub, the insta llation of large roof lights in the roof of the 
existing building during the refurbi shment instigated a reduction in the lighting 
costs for th e building. This, combined with the movement sensors for th e 
lighting will have led to reduced energy consumption compared to a building 
without these features. 
The choice of a simple co nstruction method allowed sections of th e project t o 
be pre-fabricated, those which could be assembled off-site, meaning that the 
impact of the construction on th e people working near th e sight wo uld have 
been reduced . 
Choice of Successful Submission for the Project - The end product of the briefing 
group was the detailed project brief. This was th en submitted to the architects and 
contractors interested in taking on the construction of the building. Once the 
submiss ions had been received, the briefing group assessed how well each of the 
proposa ls met the criteria of th e design brief. One crucial aspect here is that th e 
people who came up with the design brief were the ones who assessed each 
submiss ion 's compliance with it. This use background knowledge obtained by 
being heavily involved w ith the project t o make the decision as to which 
submission is successful is characteristic of Naturalistic DM. 
Once the submiss ions had been assessed, a short list of five design team s, made up 
of an architect and engineer, was drawn up for interview. Each of the five design 
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teams were asked to carry out a short design task to demonstrate their ability to 
the panel. As a way of checking acceptability for the submission, the end users 
were able to critique each of the proposals and voice their opinions. This can 
almost be classed as a type of market research to confirm what the end user wants 
and needs from the design . In addition to this, the briefing group checked each of 
the proposals thoroughly against the initial design brief in order to assess them for 
compliance to the brief. 
Once the design teams had demonstrated their ability and the users had assessed 
the proposa ls, the actual interviews took place. The panel of interviewers 
contained representatives from the department, the estates sector as well as the 
chief architectural consultant to the university. The choice of the successful 
submission was in fact the most expensive, but has proven t o be a well founded 
choice based on the client and occupant respo nse to th e project. 
The proposa l from the eventually successful design team was identifi ed as a 
possible design solution in the seventh meeting of the briefing group (1st March 
2004) although there was some concern over the complexity of the design and 
how it would affect the cost offurnishing the building. 
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Appendix 0: Engineering Pilot Study - Extra Information 
Summary 
This appendix presents extra inform ation from the engineering pilot study. It 
contains data taken from t he study. 
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The pilot study context was an acad emia-industry collaborative research 
environment. Research was carried out during th e period between December 2005 
and May 2006. 
The study was part of a wider enterprise modelling enterprise. Wh en see king t o 
create a model for an enterpri se, there are a range of enterpri se mod elling tools 
and approaches that can be used depending on which element of the enterprise is 
t o be investigated and represented. Th e focus of this research was the deci sion-
making aspects, although th e overall study incorporated much broad er enterprise 
aspects. 
Only 'as is' mod els were developed in this pilot study - there w as not attempt 
made t o creat e altern ative 't o be' models during thi s study. The following 
enterpri se characteri sti cs were investi gated and modelled using tools developed: 
• Functions (processes) 
• Informati on infrastructures 
• Organisational structures 
• Ro les 
• Cultural valu es 
• Enterprise strategy 
• Decision-making syst ems 
• Compet ency requirements 
Some basic information was availabl e, however, there was a significant lack of 
formal docum entation for th e organisation, hence the main resource used for 
acquiring th e information required w as the members of th e organisation . 
Members were interviewed using semi-structured interview techniqu es t o elicit 
individual role viewpoints. The set of qu est ions used is presented in f igure D1. A 
number of researchers were involved in the vari ous modelling aspect s. 
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Questions: 
1. What do:>cisions do you make'! arc you invot,,1'd in making? 
2. Is the dec ision outcome an individual respons ibility or group 
rcspons ibility? 
3. How long is the decision outcome valid for? 
(. H<Y\·/ Ion9 bet re tre dl'Cision is re made/ reviewl'd? 
5. What irfornnation is reo:>dcd in order to make the decisior? 
o. Is this information read i~j available? 
7. Were is t is information available fro ? 
8. What competenc ics aro nel'dc>d to ake the dec ision? 
9. How does the dec ision innpact stratC>QY (loca l and global)? 
Figure D. 1 Questions used to guide interviews (linked wjth a series of identified decision centres) 
0.2 Decision-Making Systems Modelling 
Decision-making systems are a subsystem of the overall enterprise system. The 
main tool used for decision-making systems model/ing in this study in the GRAI grid 
and GRAI net, as noted in chapter 4. 
The data collected is outlined in the following sections. A computer-based tool was 
developed by another researcher, based on this study, to aid data collection. 
D2.1 GRAI representation 
The interview data was collated into a tabular GRAI net (table 0 .1). Each 
interviewee was colour coded for the sake of the analysis. GRAI grids were 
developed from this data, with the corresponding colour code (figures 02 - 05). 
Decision OM OM Objectives Decision Resources 
centre activity process variables 
Customer Identify Not To direct -7 Negotiation -7Client 
down- resea rch evident resea rch . with client reqUirements 
selection of topic 
(research I 
strands 
Identify links Manage Not Detect -7Teamwork. -7Work plans 
between portfoliO of evident alignment in -7Technical 
research projects research. knowledge 
strands -7 Person 
judgement 
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Ident ify lin ks M anage Not Build 
wit h exte rnal portfolio of evident relationships. 
groupings projects 
Access benefits 
of lin k. 
Ident ify Ma nage Not To identify 
leverage portfolio of evident leverage. 
projects 
Encourage M anage Not Identi fy people 
comm unities portfolio of evident with co mmon 
of practice projects interest s. 
Provide 
support. 
Identify Manage Not To identify and 
technica l st ran ds/ evident agree technica l 
st rategy groups st rategy 
su ita ble for t he 
organ isation . 
Ident ify M anage Not To identify 
funding st rands/ evident funding 
opportunities groups opportunities. 
To determine 
appropriate/ 
relevant 
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-7 Experience 
-7 Tea mwork -7 M eetings 
-70thers' 
ca pabilities 
-7 Assessment of 
commit ment 
-7 Technical 
knowledge 
-7 Person 
judgement 
-7 Experience 
No response No response 
~Teamwork ~ Ustol 
~ Members' Interested 
(existing and contac:ts 
potential) ~ Details of 
requirements best practice 
~ Authority 
required 
-7 Teamwork -7 List of 
-7 Requirements requirements 
of work package 
-7 Asset s 
capabil ities 
-7 Available 
funding 
-7 Technical 
background 
-7 Person 
judgement 
-7 Teamwork ~ Monthly 
-7 Research review 
priorities of meetings 
customer ~Networking 
-7 Particular ~Management 
interests of chain 
control account ~ Research 
manager strategy 
-7 History document 
-7 Policy -7 Ad hoc 
-7 Structure of feedback 
customers' 
organisation 
-7 Ability to 
negotiate 
-7 Organisational 
structure 
-7 Relat ionships 7 Conferences 
with external -7 Funding 
contacts body proposal 
-7 Technica l calis 
competency 
7 Experience to 
match 
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Identify M anage Not opportunities. 
funding strands! evident 
opportunities groups Apply for 
opportunities. 
Identify links Manage Not Determine 
between strands! evident what strands 
research groups are. 
strands 
Identify links 
between 
strands. 
Ident ify 
usefuln ess of 
lin ks (how all 
strands fi t into 
big picture). 
Identify M anage Not To identify 
collaboration strands! evident collaboration 
opportunit ies groups opportuni ties. 
To determ ine 
appropriate! 
re leva nt 
opportunities. 
Arrange 
collaboration. 
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opportunity to -7 Conferences 
work -7 Funding 
body proposa l 
ca lls 
-7 Funding -7 Central 
sources computer store 
-7 Strategy 
-7 Research 
requirements 
-7 Synergies and 
leverage 
-7 Current -7 Seminars! 
affairs! 'what's presentations 
going on?' to external 
-7 Knowledge of visitors 
own and other -7 Central 
projects computer store 
-7 Ability to 
identify links 
-7 Understanding 
of language of 
groups 
-7 Teamwork -7 list of key 
-? Current nature stakeholders 
of strands and -7 list of 
future direction technologies! 
-7 Any existing processes! 
links between tools involved 
strands 7 Review 
-7 Potential meetings 
overlaps -7 Annual 
-7 Overall picture report 
-7 Technical 
manager's 
report 
-7 What -7 Contacts 
potential 
partners wa nt! 
need 
-7 Information 
from externa l 
contacts 
-7 Technical 
competency 
-7 Potential -7 Academic 
partners' partners 
capabilities -7 Parent 
-7 Potential organisation 
partners' current business units 
work 
-7 Background 
knowledge 
-7 Teamwork -7 Existing 
-7 The drivers for contacts 
and structures of -7 Networking 
potential -7 Funding 
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Agree work M anage Not Alignment of 
statements strands/ evident corporate 
groups research and 
programme. 
Expression of 
work 
statements in 
understandable 
format. 
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collaborators bodies 
~ Politics of the ~ Customer 
potential ~ Internet 
collaborator ~ lournals 
~ Funding 
sources 
~ Project 
timescales 
~IPR 
~ Likely 
outcomes 
~ Technical 
understanding 
~ Interpersonal 
skills 
~ Negotiation, 
marketing and 
business skills 
~ Detailed 
knowledge of 
thread 
~ Current work ~ Past work 
~ Ability to align ~ Project 
project and requirements 
programme -7 Programme 
requirements requirements 
~ Ability to 
express work 
statements in an 
understandable 
format 
~ Teamwork ~ Monthly 
~ Customer review 
priorities meetings 
~ Research 7 Networking 
priorities of 7Management 
customer chain 
7 Particular 7 Research 
interests of strategy 
control account 7 Ad hoc 
manager feedback 
7 History 
7 Policy 
7 Structure of 
customer 
organisation 
7 Ability to 
negotiate 
~ Organisational 
structure 
7 Available skills 
7 Timescales 
~ Potential 
benefits 
7 Links to other 
work 
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Identify Manage Not Identify gap for 
leverage strands, evident resea rch need. 
groups 
Identify 
method of 
closing the gap. 
Assess work Undertake Not To determine 
against plan research evident whether the 
and statement work carried 
of work out matches 
the plan . 
To determine 
whether work 
ca rried out 
matches the 
stateme nt of 
work. 
To mitigate any 
discrepancy. 
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7 Potential 
leverage 
7 Risk 
management 
7 Understanding 
stakeholders 
7 Knowledge of 7 Central 
what other computer store 
people are doing 
and how this may 
be applicable 
7 Who has 7 Funding 
interest in mv bodies 
research? 7 Academics 
7 State of 7 Networking 
relationships 
7 Cost 
7 Potential for 
success 
7 Abirrty to sell 
opportunity to 
client 
7 Technical 
knowledge 
7 Requirements 
7 1PR 
7 Deadlines 
7 Ability to self- -7 Progress 
criticise report 
7 Task 
breakdown 
7 Teamwork 
7 Potent ial 7 Plan of work 
implications 7 Statement 
7 Value of plan of work 
and statement of 7 Progress 
work report 
71mpaeton 
other work 
streams 
7 Teamwork 7 Plan 
7 Understanding 7 Statement 
short term of work 
progress 7 Strategy 
7 Colleagues documents 
contribution for 7 Monthly 
teamwork review 
7 Customer 
expectations 
(understanding 
them) 
7 Impaet on 
future work 
7 Maturity of 
stakeholder input 
7 Technical 
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knowledge 
~ Flexibility 
Technica l work Undertake 
research 
Not 
evident 
Identify 
'problem' , 
~ Quality of fit 
of solution to 
problem 
~Tedmica' 
knowlecltle 
~ Colleagues 
~ Internet 
~ Journals 
~ Courses 
~Extemal 
contacts 
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Due t o the disparate nature of th e data set s, consolidation of interviewee 
responses into a single GRAI grid was impracti cal. Individual grids were developed. 
The foll owing analysis is drawn from the individual GRAI representations and, 
where possible, comparison of the grids. It should be not ed that interviewees were 
given a choice about which decis ion centres to discuss. 
• All interviewees' agreed on the det ails for the decision centre "Assess work 
against plan and SoW". This includes position on the grid and also, to a large 
ext ent, the information required (see issue 1, section D2.3). 
• Where oth er decision centres were common bet ween interviewee responses, 
details generally did not correspond . 
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• Some information identified as not readily available for some decision centres 
• 
is identified by the same interviewees as available for other decision centres 
(e.g. work plan on blue GRAI grid, figure 0.5) . (It may be possible that there are 
different perceived constraints within the different decision centres, such as 
tim e available for the decision to be mad e. Hence whil st information may be 
available, that may not be at the right time or in the right format .) 
One of the decision centres on th e blue grid (Id entify Leverage, figure 0.5) has 
information, which is not deemed to be readily available. However, one of the 
other decision centres (Identify Funding Opportunities) has 'leverage' as an 
input, information deemed readily available. This brings into question the 
quality of some of the decision-making. 
D2.2 Anecdotal evidence 
Data beyond that required for th e GRAI representation w as gath ered at the 
interview. Analysis of this evidence is collated below in a series of key points. 
• The only query re validation of th e process/ decision centres presented in the 
interviews was due to the fact that several members of management staff have 
not been in position for very lon g, and there is a feeling things may change. 
Also, there is a feeling that the SEIC is still 'new' and, as such, not yet settled 
into routin es (see issue 2, section 02. 3) . 
• 
• 
There are problems for decision making if the client/customers' strategy does 
not correlate with the group or organisation strategy (see issue 3, section 
02.3). 
Leverage was identified as a key focus by many interviewees (although it did 
not appear to be clear w ith any of the interviewees what leverage was or how 
it could best be identified) . 
• Collaborations: 
o Can be hampered by personal agendas (gives something else to 
think about in the decision making process) 
o Rare between business units (perceived as negative by 
interviewees) 
• Organisation has relatively flat hierarchical structure. 
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• Focus on customer approval, rather than line manager's approval. 
• People only have a vague idea of what colleagues within the organisation are 
working on (see issue 4, section 02.3). 
• There is no mechanism for internal collaboration. People often turn first to 
academics or other external contacts. 
• The organisation is still seen as a combination of organisations, not far from 
simply being a building where a set of individuals go to work (see issue 5, 
section 02.3). 
• Members of the organisation expressed th e feeling of being pulled in different 
directions, e.g.; 
o Management vs. customer 
o Bid preparation vs . day job 
(see issue 5, section 02.3) 
• Much of the information required is believed to be available, but people are 
either unsure of the location or it may be easy to miss (see issue 6, section 
02.3) . 
• Some feeling that time spent preparing bids (etc.) is tim e taken away from the 
'day job'. This is not the only task upon which people commented that 
completion was expected, but did not form part of anyone's objectives. 
D2.3 Major issues identified 
This sect ion lists some of the issues high lighted through interview and analysis. 
• Issue 1 
• Issue 2 
o Interviewees have a coherent picture of their everyday tasks (at the 
researcher' s level) and the associated decisions necessary. This is 
positive, however, what seems to be lacking is a view of where thi s 
all fits in to the rest of the SEIC research process (see 
recommendation 1, section 02.4). 
o Whilst it is recognised that there has been a recent, signifi ca nt 
change in staff, due to the nature of the facility, staff rotation at all 
- 0 11 -
Ella-Ma e Hubbard Support ing th e 
Configuration of DMS 
• Issue 3 
• Issue 4 
• Issue 5 
• Issue 6 
levels should be expected. This perhaps provides more reason for 
processes, such as decision-making processes, to be put in place. 
o Al so, the organisation is not as established as its parent 
organisations, yet, but thi s should not be used as an excuse (see 
recommendation 1, section D2.4) . 
o Th ere is som e suggestion of a mismatch between the groups' 
strategies and organisation strategy (see recommendation 1, 
section D2.4). 
o If there was a mechanism to inform organisation members of their 
colleagues' work, then any information or opportunities identified 
by one member as irrelevant t o their work may be passed on to a 
colleague who may make more use of it . Whilst nothing is 
necessarily lost by the absence of such a mechanism, there is much 
that may be gained (see recommendation 2, section D2.4). 
o The organisation does not have its own id entity. This explains why 
different members go through different avenues to gain information 
and authority necessary to make decisions, draw ing on past 
experience in the absence of further guidance (see 
recommendation 3, section D2.4) . 
o Any hidden or hard to find information w ill only serve to hinder 
decision making, especially when that decision making is under 
pressure (see recommendation 4, section D2.4) . 
02,4 Recommendations 
This section highlights recomm endations for the organisation, both specifically 
with regards to the decision-making aspect of research work and also more general 
points. All of th e recommendations lead from issues highlighted in the previous 
section . 
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• Recommendation 1 
o There needs to be a coherent and visible process (for decision 
making and also for other areas). This should be a common process 
for all those doing research in the organisation and embedded in 
such a way that people are awa re of th e decision making process 
and the avai lab le support for decision making, and are comfortable 
using them . As with any process, it should be sufficiently 
transparent so as to aid without hindering or requiring extra work . 
• Recomm endation 2 
o Develop a mechanism for rai sing awareness of activities within (and 
around) the organisation . The existing seminar schem e is a good 
step in thi s direct ion, although it needs more support from all 
involved in the f orm of speakers and audience. 
• Recomm endation 3 
o The organisation needs t o deve lop its own identity, in effect ca rve 
its own path to follow. 
• Recommendation 4 
o An effective, common file stru cture (and accompanying 
documentation conventions) would be of use along with an intuitive 
search engine. It should be noted that this wi ll on ly be of use if users 
commit t o it. 
D2.5 Limitations 
The following are limitations to this exerci se, which should be taken into account 
when studying the information contained in thi s report . 
• Multiple roles: Many members of the organisation fulfil more than one role . 
• 
This can ca use confusion, both specifically in thi s data co llection/ analysis in 
this exercise, and also more generally w ithin the orga nisation . 
Number of people interviewed: A limited number of people were interviewed 
for this section of the exercise. Where 'most' or 'many' or similar terminology 
is used, this is based on interviewee responses, with the assumption that the 
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interviewees were a representative sample of people involved in research 
within the organisation . 
D2.6 Possible linkages 
There are definite linkages between the decision-making modelling and the other 
aspects of the enterprise modelling. The following notes outline some of the 
poss ible impacts. 
• Competency and roles 
o What roles make what decisions? What competencies are intrinsic to 
that role? What would be the impact on a decision if certain 
competencies are absent? 
• Culture 
• 
o Does the established culture support the decision making process? 
What cultural aspects will affect the way decisions are made? 
Strategy 
o Does the strategy support the decision making process (or vice versa)? 
Are there any conflicts? 
o Are the strategies common or complementary across the organisation 
(individual, group, organisation)? If not, what impacts does thi s have on 
the decision-making (e.g. how decisions are made, who has the 
authority to make the decisions)? 
Whi lst the decision-making tool can be viewed independently, there is much 
benefit in considering it in conjunction with other modelling tools, such as those 
dealt with 'in other sections of this exercise. 
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Appendix E: Industrial Case Study 1 - Extra Information 
Summary 
Th is appendix presents extra information from the first industry-based case study. 
It contains data taken from the study (including baseline models) and sa mples of 
data co llection forms used, such as extracts from the work-packs. 
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E.llnroduction 
Type of Review Purpos e Pre C onditions Post Conditions 
Pink Team Review Review proposa l(storyboard~ from a SloryDoards mature enough for review Red - Significant work neeClSla occur 
:USl"rH,o, ('~Jsr :'1. .. Making sure the bid Bid Strategy In place Amber - good bUllssu es 10 resolve Independem strategy Is likely 10 tit with th e custome[ Oreen· ready 
Red Team Review Review proposai(nrfinaO Irom a cus:~m~ Red - significant work needs to occur r,"'rsr;~", Co Ensurlnglhe proposal sellslhe Proposal mature enough for ri,view Amber - good bullssu es 10 resolve 
Independent solution well and responds la cu stomer Green- ready questions Ensure proposal,s complete 
Design Review(OR) Ensure that the _M . un Deing Pass - Solution ready 10rTBR Feeds into developed is mature enough 10 be used in Solution mature enough lor review TBR bid EnsUlf! that the solution sugg ested Independenr 
meets cu stomer's technical feQts Fail-ReWOrk solution or stop 
Enable b I~~ ."<; 
-" '" 
.;)rTto review 
Bid Status Review (BSRj the ('Ire 11" '~ of the bid, deCISions made and SpeCifiC mechanisms lor each BM S Specillc mechanisms for each BMS 
coachrn g that IS fequrred 
Phase Revlew (PR) To ensure the bid IS mature from af-Ir J': Pass - Go 01'110 Phase 28 and feed Into RBA ManaO!HI 'I perspective. In terms 01 p lan~ Red Te am Review passed 
Independent tlmescales, resourC lng proj ect risk Plocesses 
Bid is mature enough for review F all-Actions and rerun PR or stop 
PrOVide E , -, ,- , m" Pass-Approval 01 engineering aspects to 
Technical BId Revlew(TBRj endorsement of the solution liS costs, plans DR passed the bid Fed InlO RBA 
and technrcal risks Effectl'lely their sign off Bid mature enou9h l or review 
01 the bid Fall - Rework or SlOp 
Provide 
" 
r.1JIIJ'l III IIl apploval of the TBR and PR hav e both been passed Pass - Proceed With phase 28 Request for Bid Approval (RBA) whole bid from a ... om..., 13 perspective. Negotiation strategy and end goals in place Takrng Inputs from the T8R and the PR Fall-Rework or Stop 
Table E. 1 Summary of reviews withi n t he pre-bid phase 
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£.2 Corporate baseline models and workshop samples 
The corporate baselines were included in the workpacks and used as a start ing 
point for discussions, 
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Figure E. 1 Corporate baseline top level processes. Shows the four main lanes of activity within 
the pre-bid (2A) phase 
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Figure e. 2 Corporate baseline process model, stage 1 
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E,4 Other information 
<11 
Evidence/Sources : 
u 
" '0. ~ ~' 
{3. 'S-
>- >":0. I <11 <11 0 
"" '" 
"'I-
OR: some individuals felt that 
there was difficulty aligning the 
work being undertaken for both 
u the LCM and ELC. It shouldn't 
-' 
w 
be that a set of information > 
:;: should be drawn out for LCM 
u 
..... 
-' and another set for ELC 
- RBA: there was discussion 
about whether RBA and TBR are 
part of Phase 2A or not (i,e, 
they're usually after PR) 
OR: there is confusion about 
the boundaries between the 
« 
content in the capture and bid 
N plans 
<11 
~ 
'" .<: c.. 
-0 
~ 
<11 
'C 
'" '0 c: 
" 0 
N 
'" r-- RBA: there is a need for greater 
continuity between the phases 
of LCM (in particular the plans 
that are being refined and 
passed through the phases) 
BSR: same as RBA in terms of 
continuity between phases 
OR: introduce the PiM earlier in 
<11 
Phase 2A to ensure consistency 
~ once through into 2B 
" 
- Pink/Red: Mgt should get u 
'0. 
~ involved earlier during the 
<11 
<11 bJ) planning to give the bigger ~ 
" 
bJ) 
-
:c picutre view (in terms of u c:: :;: 
~ u budgets, other bids, etc) 
" 
-' 
bJ) 
<11 PR: lessons learnt need to be bJ) 
.<: 
ro cc f- fed back into the process 
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Possible Best 
Practice 
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-
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Conclusion Recommend 
atian 
• 
The Need to 
activities provide 
within LCM documentati 
and ELC on that 
need to be clarifies the 
aligned overlaps 
The purpose Need to 
of 2A Phase provide 
and It's documentati 
relative on (and 
position ensure that 
within LCM it is 
are not clear disseminate 
d) that 
clarifies the 
purpose of 
Phase 2A 
and how it is 
positioned 
within the 
LCM process 
There needs There should 
to be more be activities 
continuity that help to 
and flow conduit 
through information 
from 1B into from 1B and 
2A, and from into 2B 
2A into 2B 
" Evidence/Sources " 
QJ 
u 
" "Q. ~ 
'" 0 "-I- u 
>- >'c.. QJ QJ 0 ,. 
"" 
""I-
RBA: participants had some 
concerns about how to include 
partners in the solution 
OR: had issues with governance 
of the interface to suppliers (Le. 
how to feed up/back solution 
issues). Also there was a 
concern about how to deal with 
different suppliers in terms of 
import/export. There was an 
issue to do with how the 
company is perceived when 
prime contractor with the 
suppliers (being on equal 
terms) 
Pink/Red: question of how to 
manage/deal with 
subcontractors who are also 
~ doing Phase 2As of their own QJ 
" ~ TBR: there needs to be a 
.!!! 
QJ customer management activity 
.!!! 
C. to help understand the 
~ 
QJ customer better. They also ~ 
" w have governance issues with 
"0 
QJ suppliers in terms of long 
QJ "0 
.!!! " duration bids and the reqt on QJ 0. ~ x suppliers to re-perform their ~ w QJ 
..... ~ 
" 
Phase 2As to feed into BAE 
" w ';0 
"0 .J:: Systems' Phase 2A. 
QJ u 
"0 >- PR: there needs to be 
" 
0. QJ Co continuation/managing of key ;;! 
" <t w VI supplier relationships. 
Possible Best 
Practice 
"" 
OR: One 
participant 
has a shared 
managemen 
t and risk 
plan with 
their 
suppliers. 
Some BUs 
have a 
member of 
Business 
Oevelopmen 
t who's role 
it is to 
nurture and 
shape the 
supplier 
relationship 
PR: They 
find that it's 
best to have 
all suppliers 
at the same 
2A meeting 
(thus 
reducing the 
III'm waiting 
for .. ,") 
Supporting the 
Configuration of DMS 
Conclusion Recommend 
atian 
There are The 
four main interfaces to 
" external the 
interfaces extended 
that need to enterprise 
be managed; need to be 
1. managed 
Requiremen 
ts 
2. Supply 
chains 
3. 
Partnerships 
4. 
Competition 
/Marketing 
Ella-Mae Hubbard 
'" . 
Evidence/Sources 
u => 
'0. '" 
'" 0 <::. 
I- u 
> >"0.. 
'" 
'" 0 ;. ,. 
'" 
"'I-
There were various viewpoints 
on when the customer RFP 
actually comes into the process. 
RBA: RFP comes in early in the 
process (before the storyboards 
are developed). There needs to 
be a validation activity when 
the RFP comes in against 
anticipated. 
DR: they find that RFP comes in 
during the early stages of phase 
2A 
Pink/Red: sometimes RFP does 
not come in till quite late and it 
could be come in parts. One 
participant said that they would 
not pass lB unless they had RFP 
first 
TBR: RFP comes in early usually 
and feeds into the solution. 
OD Sometimes RFP comes in before 
e 2A, sometimes later E 
'" 
PR: they have had a 
c.. 
"- circumstance where the DR was 
'" :;; done before RFP came in (big 
E risk). Another participant said 0 
~ that they would not pass lB 
'" =>
'" 
u unless they had RFP first 
In RBA, BSR, Pink/Red & TBR 
they perceived that when 
<ii viewing the solution, it was u 
'" 
generally thought of as being 
.c 
u technical. 
'" ~ 
'tl 
'" > 
'" 
'w 
'" => u =>u ~ u 
0 
'" 0 
'"' 
"-
c.._ 
- EJ3-
, Possible Best 
Practice 
I 
I 
-
-
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atian 
The RFP can The 
come in at customer 
any time interface 
(from pre 2A needs to be 
up to late in managed to 
2A). ensure that 
anticipated 
requirement 
s are going 
to be close 
to the actual 
requirement 
s in the RFP. 
There is a There needs 
perceived to be a 
view that change of 
historically, emphasis to 
people looking at 
emphasize the total 
the technical solution 
aspects of 
the bid 
Ella-Mae Hubbard 
••• 
Q) 
£vidence/Sources ... 
.., :0 
'0. ~ ~ 
0 <::. 
f- u 
>- >"0.. Q) Q) 0 
"" '" 
"'f-
• 
RBA: there needs to be an 
activity about capturing, 
understanding and analysing 
customer reqts 
DR: a good understanding of 
the requirements is needed in 
order to feed into the solution, 
Pink/Red: Customers and 
relationships can vary greatly 
from proposal to proposal 
~ TBR: there needs to be a ::> 
u 
customer management activity 0 ~ 
~ for understanding the customer Q) 
E better 0 
- PR: the customer relationship ~ ::> 
..... u needs to be maintained 
- E14-
Possible Best 
Practice 
Pink/Red: 
One 
participant 
has a 
compliance 
matrix 
against RFP 
Supporting the 
Configuration of DMS 
Conclusion Recommend 
atian 
Relates to #4 The 
The customer 
customer interface 
interface needs to be 
needs to be managed 
managed 
and 
maintained 
in order to 
get good 
requirement 
s 
Ella-Mae Hubbard 
'" 
Evidence/Sources "" 
u => 
"5. ~ ~ 
0 <::. 
f- u 
> >"0.. 
'" '" 0 ~'" ~"" "'f-
RBA: the participants perceive 
that others in the process view 
RBA as being purely commercial 
and that they do not 
understand what the purpose 
of RBA is. Also they think that 
the benefits of each review are 
generally unclear. 
BSR: one participant asked 
whether 2A could be scrapped 
because it has no real purpose. 
As a whole they think that the 
purpose of 2A needs to be 
strengthened. 
OR: there is a perceived lack of 
transparency in terms of where 
certificates go. Also the scope 
of the different reviews is 
beginning to expand out. There 
was contention between the 
purposes of TBR and OR - if they 
are to be done then the distinct 
purpose of each must be 
known. 
Pink/Red: there needs to be 
aspects in the process looking 
externally at what the 
competition is doing. There 
was conflict as to the purpose 
of 2A (one suggested it was a 
IIshould we bid" decision; 
whereas another though it was 
for proposal quality) 
TBR: there was the suggestion 
that the purpose was shifting 
from the design of products to 
the design of the project that 
will create the product. They 
~ think that people generally 3: 
'" understand the purpose of .;; 
'" 
~ reviews 
-0 PR: there was a case where the ~ 
=> OR Chair ran the OR like a TBR u 
0 
co u.. instead 
-
RBA and OR representatives 
said that there needs to be 
more costing/financial focus in 
"" the process 
" ., 
-
'" 
"" -c :J 
'" 
co 
- E15 -
Possible Best 
Practice 
OR: 
introduction 
of tactics 
meetings 
prior to 
actual 
review to 
ensure that 
those 
involved 
understand 
the purpose 
-
Supporting the 
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atian 
" 
Relates to #2 The purpose 
The purpose of the 
of Phase 2A, reviews 
and each of needs to be 
the reviews clarified and 
is unclear disseminate 
d 
There is a Ensure that 
perceived costing is a 
lack of explicit part 
costing/fin a of the 
ncial aspects process 
to the 
process 
Ella-Mae Hubbard 
" 
Evidence/Sources 
·~I' ::> ~ 
'" 0 "-f- u 
>- >'0.. 
., ., 0 ,. 
'" 
"'f-
RBA: BSR is not well known. 
., RBA is not the "world's best 
E_ disseminated" process 
o :!:: 
BSR: 2 representatives shared ~-
"' 0 best practice on how they "' ~ 
., -u ~ tailored for short duration bids o '" _ a. 
a. ~ DR: they felt that there needs 0 ro- ta be better recognition of what E c: _ 0 
needs to be done and how it o .-
-1ij 
= - adds purpose. 
'" c: 
-., Pink/Red: different mandates ~ E 
o ::> depending on the BU (some 0 o ~ 
,..; 2"0 mandate the colour reviews) 
- There was general confusion 
about terminology (in particular 
when Phase 2A is mentioned, 
people tended to think that it 
was justthe PR). There are 
different terminology 
depending on country and 
business units. Roles 
>- terminology differs from 
"" 0 business to business 0 
c: 
·E 
-
,..; ., 
,..; f-
- Pink/Red: felt that often there 
is a lot of information to gather 
"0 for reviews, when the review ~ 
.:; itself only lasts a short time C" 
~ (disproportionate) 
c: 
0 
:;:; 
'" E 
-0 
-c: .!: 
0 
-
." 0 
'" 
., 
E E 
-
::> 
N .E 0 
,..; E > 
- E16-
Possible Best 
Practice 
-
-
TBR: one 
participant 
has a TBR 
pack 
template, 
another uses 
the template 
as the 
agenda 
PR: MASS 
have a Bid 
Manager's 
handbook 
Supporting the 
Configuration of DMS 
Conclusion Recommend 
ation 
Relates to Formal 
#11 documentati 
There is a on should be 
lack of provided 
formal that clarifies 
documentati the overall 
on about process. 
parts of the 
process 
There is There needs 
confusion to be a 
about the minimum 
terminology set of some 
being used. terminology 
In some that is 
cases it is consistent, 
hard for and where 
different there are 
BUs to find changes or 
consensus differences, 
because of this should 
it. be recorded 
There can be Where 
a lot of possible the 
information information 
demands requirement 
required for s should be 
each type of captured 
review. early on and 
specific, 
bespoke 
documents 
should not 
have to be 
created. 
Ella-Mae Hubbard 
. Evidence/Sources ... 
<Ii 
u ::> 
'0. ~ ~ 
0 "'-I- u 
>- >'c.. 
'" '" 0 
'" 
>< ><1-
OR: there is a danger that 
information is being duplicated 
in different formats 
TBR: there is overlap between 
the OR and TBR inputs 
" 0 ., 
'" E 
~ 
J2 
" 
"" 
" 'P 
-
'" E 
~ 
0 
-
QJ 
~ 
--~ 
:;; 
-
'" E 
;: 
QJ 
t: 
"" 
" ., 
'" m 
QJ 
~ 
M U 
- RBA: there should be a checklist 
of "what makes a good 
proposal", There is lots of 
information required for the 
different reviews but it is not 
clear where it comes from 
" OR: the reuse of existing 0 ., 
'" 
templates should be E
~ encouraged 0 
- TBR: need to get away from the .£ 
- idea that information is just 0 
> 
needed for reviews, ~ 
:0 Requirements in some form !'! 
';;; need to be available (be it 
<t > 
M <t anticipated or actual) 
- EI?-
Possitlle Best 
Practice 
-
-
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Configuration of DMS 
Conclusion . :Recommend 
atien 
Information There should 
is being be "living 
reformatted documentati 
for different onn such 
review that 
purposes - information 
there may is not being 
be created 
duplication specially for 
reviews. 
Also where 
overlaps in 
scope of 
reviews 
occurs there 
should be a 
clarification 
of purpose 
and also 
analysis of 
whether the 
reviews can 
be merged 
in part 
The It should be 
information formalised 
flows within where 
the process information 
are unclear. is coming 
from, where 
it is feeding 
into, who 
needs it, 
why and 
when 
Ella-Mae Hubbard 
Evidence/Sources 0 
<U 
u 
" '0. ~ ~
0 
" t- u 
>- >'0.. 
<U <U 0 
'" '" 
"'t- o , 
RBA: there needs to be an 
activity for 
managing/organising 
information being produced. 
There needs to be a minimum 
set of roles required for each 
activity (with more invited if 
required). 
BSR: scheduling of reviews is 
heavily dependent on the 
availability of the people. 
Getting the right people in the 
right place at the right time can 
be difficult. 
OR: selection of the chairs and 
assessors affects the 
effectiveness of the review 
Pink/Red: there needs to be 
time factored in for structuring 
and resourcing ORs. Individuals 
~ may hold many roles which <U 
u could be a workload issue. ~ 
:J 
0 Individuals may be part-time or ~ 
<U 
full-time making it even harder 
-!::. 
" to get availabilities for 0 :;:; 
'" 
meetings. If a part ofthe E 
0 process has to be repeated, itls 
-.~ hard to get the same people 
1>0 together 
" .~ 
TBR: there needs to be a list of 'c 
'" chairs and assessors along with 
'" 
~
"'" 
0 their skills 
I-- RBA: there needs to be solution 
datum and configuration 
management of these design 
~ decisions. Regular config 
" <U control is needed to be drilled E 
<U through the whole process. 1>0 
'" OR: need to price against 
" 
'" ~ solution datum (ensure that 
" design decisions are 0 :;:; 
disseminated and recosted). ~ 
:J TBR: where data/info has a time 1>0 
'" validity there needs to be config  
'" 
0 
"'" 
u control 
- E18-
Possible Best 
Practice 
RBA: SFS use 
a matrix of 
documentati 
on against 
reviews. 
There isn't 
much wrong 
with the 
process, it 
just needs to 
be organised 
efficiently 
BSR: PR and 
RBA can be 
combined if 
they have 
Signatories 
at BU level 
and the 
same people 
are present 
at both 
reviews 
OR: could do 
with a 
pooi/commu 
nity of ORes 
with 
specified 
skills 
RBA: shared 
data 
environment 
5 can aid in 
con fig 
control 
Supporting the 
Configuration of DMS 
Conclusion,' Recommend 
atian 
00 
There is a There need 
need for to be 
information activities 
and human that manage 
resDurcing the 
during Phase information 
2A to be being 
managed/or produced 
ganised within the 
process. 
There needs 
'to be 
guidelines as 
to what 
needs to be 
resourced 
and how. 
Relates to Configuratio 
#15 n 
There needs managemen 
to be better t activities 
flow through are required 
of design 
decisions 
and 
information 
needs to be 
kept up to 
date 
Ella-Mae Hubbard 
'" 
Evidence/Sources, 
u ::> 
'0. ~ .~ 
0 " 
.... 
u . 
>- >,'0. 
'" '" 0 .. 
'" "' .... 
BSR: there is an issue with the 
maturity of the requirements 
(anticipated to customer) 
OR: they often see that if 2A 
goes wrong it is due to over 
ambitious maturity 
expectations. One individual 
said that there should be 
greater use of 
existing/historical information 
rather than reinventing the 
wheel 
TBR: there may be a number of 
<:: different solution options 
0 coming in at Phase 2A ., 
'" PR: the information coming in E 
~ 
from 1B should be at a good 0 
-
.£ level of maturity before starting 
-0 2A. There need to be >-
- mechanisms for looking at both ·c 
::> 
-
the progress and maturity of 
" '" .... ::; the proposal. 
- E19-
Possible .Best 
'. Practice 
-
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atien 
Relates to #S As part of 
There is an the 
issue with information/ 
being able to config 
convey the managemen 
maturity of t there 
information needs to be 
being a 
received and mechanism 
created, for 
measuring measuring 
the level of the level of 
maturity and maturity of 
ensuring the 
that they are information 
at the right 
level of 
maturity for 
use 
. 
Ella-Mae Hubbard 
.; Evidence/Sources" "" 
u ::> 
"ii ~ ~ 
0 "-+- u 
> >'0.. 
<U <U 0 
.. 
'" 
""f- ., . 
RBA: they would like to be able 
to integrate the different plans 
together, but in practice do not 
have time. Different parts of 
the spec are distributed to the 
functions and need to be 
integrated back together 
BSR: there should be a set of 
functional reviews 
OR: there is a lack of visibility on 
where certificates go. More 
DRs are moving away from 
purely technical to a larger 
scope. 
Pink/Red: within the "refine the 
solution ll stage there are a lot 
of bits of information coming in 
that need to be brought 
together. Lower level DRs need 
to feed up and be integrated 
together within short 
timescales. There should be 
involvement of the key roles in 
2A within 1B for continuity. 
There are tiered levels of the 
phase that need to be 
integrated together. 
" 
TBR: information is not just 
0 
required for reviews, but for :p 
'" ~ integration. There are tensions 
'" '" between the Project and e.o 
0 Function (TBR is seen as 
<U 
.<: Function "giving" to Project) 
-
- PR: the portfolio level should 0 
~ 
match the organisation in 
-
~ 
'" c. question. In practice it is very 
-0 difficult to get all the bits of the ~ 
- process done and put together. u 
" "C They have tried to do a joint 0 
Q. review on a cross Operational 
" 
OD 
0 
" 
unit project and it failed 
:p . , 
'" '" 
because there were too many ~ ~ 
OD OD different purposes of the <U <U 
00 
- -.-< 
'" '" 
review 
- E20-
Possible Best 
Practice 
BSR: they 
tend to look 
at portfolio 
of bids at 
BSR. One 
BU has 
colour 
coding of 
different 
parts of the 
bid 
TBR: they 
think it is 
good to 
have cross 
fertilisation 
across 
different 
BUs (by 
having 
independent 
reviewers/ch 
airs) 
PR: review 
certificates 
should be 
distributed 
to all 
assessors 
from 
different 
reviews so 
that 
common 
issues can 
be 
addressed. 
Supporting the 
Configuration of DMS 
Conclusion Recommend 
atian 
": 
" 
In general There needs 
the process to be more 
is disjointed emphasis on 
and the phase as 
different a whole and 
parts do not not on 
necessarily individual 
fit together. parts. 
There is little 
activity or 
time set 
aside for 
integration. 
Ella-Mae Hubbard 
I., .. ' 
." 
Evidence/Sources 
u 
'" 
'a' ~ ~ 
0 <::. 
.... 
u 
>- >'0.. 
" " 0 .. >< "' .... 
RBA: perceives that other parts 
of the process think RBA is 
separate and commercial 
BSR: RBA is seen as the 
commercial part of the process 
'" DR: the proposal plan is 
" 0 
'in commercial. The contract is 
" 
" signed against the technical 
-~ 
'" solution 
" u TBR: RBA is seen as the final 0 ~ 
c. commercial activity where they ~ 
0 look to see everything has been 
-
'" ~ done 
> 
rn 
';:; 
~ 
" E 
E 
en 0 
.... u 
DR: there have been instances 
where the quality of a design 
review has been called into 
question (e,g, where a DRe is 
chosen because the project 
think that that will get them 
through easier), They think that 
the problems with 2A are not 
necessarily to do with timing, 
but to do with the quality of the 
reviews. 
TBR: what to know what 
comprises a "good" 2A. It is 
perceived that some people 
'" don't know what happens (if 
'" 
" anything) to the outputs from u 0 
ii some reviews (e,g, red team 
" outputs not being dealt with) ..c: 
-~ PR: sometimes there are 0 
>- >- translation issues to do with ;: ,'" rn rn quality 0 
" " N 0 0 
- E2l -
Possible Best 
Practice 
DR: 
commercial 
have created 
a lIbook of 
negotiations 
"that could 
be useful for 
feeding into 
the process 
BSR: some 
BUs get a 
professional 
proposal 
writer in to 
help 
Supporting the 
Configuration of DMS 
Conclusion Recommend 
atien 
.. 
Dueto There needs 
historical to be a 
reasons, cultural 
there is the change, 
perception actively 
that others dispelling 
perceive legacy/histor 
RBA as a ical views 
different that may not 
"breed" of hold true 
review that anymore 
isn't really 
part of the 
other work 
and is purely 
a 
commercial 
activity 
Relates to There should 
#15 be more 
The quality governance 
of the and support 
review over the 
processes resDurcing 
can be ofthe 
variable reviews to 
depending ensure that 
on the the quality 
resources of the 
selected, reviews is 
Relates to #8 more 
The purpose consistent. 
of the 
reviews is 
linked to the 
quality of 
the outputs 
and how 
they are to 
be used 
Ella-Mae Hubbard 
I Evidence/Sources Possible Best 
<U 
u => Practice 
'0. ::l . 
0 ~ I-
>- "> 'a. 
<U 
'" 0 
'"' 
>< ><1- . 
. 
RSA: the roles within the 2A -
activities are often seen as 
extra to the "day job". There 
needs to be consistency of role 
terminology (both within 2A 
and across the different 
phases). Roles and 
responsibilities are not 
published as much as they 
should be. There is confusion 
between the remit of the 
capture and bid/proposal 
managers. RBA roles and 
responsibilities are unclear 
(they had a case where no one 
had responsibility for ensuring 
that the presentation was put 
together and presented at 
RSA). 
SSR: the roles that need to be 
involved depend on the 
maturity of the application of 
the LCM process (Le. if they 
have been through the process 
before they are more 
~ 
knowledgeable about which 
=> roles are required). 0 
=> DR: some DRs may not have a 
'" ~ 
'" DRM or DRS role. Conflict over c. 
=> 
when the PjM role is involved ~ 
OJ 
~ (messy boundary between BM 
'" ;: and PjM). There needs to be a ~ 
'" balance between the BM, PjM .t:: ~ 
~ and PMA ~ 
'" Pink/Red: many new roles .t:: ~ 
0 introduced into the process. 
'0 
" Roles terminology is an issue 
'" '0 and differences in usage need '0 
'" to be looked into 0 
~ 
TBR: Ambiguity between the ~ 
'" e roles of CM and BM. Some BUs 
'" 
use the same role title for ~ ~ 
OJ ~
different responsibilities (e.g. ._ x ~ OJ 
=-0 the title of Chief Engineer) . >- ..0 '" 
'" 
0ii} ..c 
Concern that there are no roles (; " o ;g, 
.t:: C. 0 responsible for dealing with the ~ ~.t:: 
=> OJ ~ red team outputs. <t "'-'" 
<Xi <Xi (; PR: the composition of the Bid 
~ ~ ;: 
OJ OJ_ Team can vary from project to 
.... 0 Oro 
N 
'" '" 
, project 
- E22-
.- ---------------------
-
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--
. 
Relates to There needs 
#15 to be a 
There is minimum 
general set of roles 
confusion that is 
overthe required for 
roles within each 
the process activity. 
and their Where 
responsibiliti differences 
es. There is in usage 
confusion arise, these 
between a should be 
role and a recorded. 
job title. 
The roles 
selected 
differ greatly 
between 
different 
BUs 
Ella-Mae Hubbard 
'" 
Evidence/Sources 
u => 
'0. ~$ 
0 ..... 
f- u 
>- :>-'0-
'" 
'" 0 
. : .. 
'" 
"'f-
RBA: Bid management needs to 
be a skill in its own right. There 
is no specific training for 
assessors/reviewers, Training 
needs to be improved to get 
more efficiency out of the 
process, 
OR: training for ORe and ORAs 
needs to be improved 
Pink/Red: TBR has turned into a 
Ubit of an art form" 
bJ) 
" 
'" N 'iij ~ 
N f-
,-
BSR: LL can have the authority 
to go ahead even if 
independent reviews have not 
passed 
Pink/Red: There is a lack of 
delegated authority in the 
process, so often small/minor 
bits need to be fed up 
unnecessarily 
'" 
'" => 
'" $ 
>-~ 
'C 
0 
.<: 
:; 
~ 
" 0 
'" '" bJ) 
'" M OJ
N Cl 
-
RBA: it is unclear who actually 
"owns" Phase 2A. 
BSR: there needs to be more 
recognition of the importance 
of the LCM/process people 
OR: ownership of estimates can 
be an issue 
'" TBR: they would like to know 
'" 
'" u how and when the decision is 0 
~ 
Q. 
'" 
made about who leads a bid 
.<: (e,g, corporately led, etc) ~ 
-0 
Q. 
:E 
'" ~ 
'" 
" 
... ~
N 0 
- E23-
Possible Best 
Practice 
-
-
-
Supporting the 
Configuration of DMS 
Conclusion Recommend 
atien 
. 
There is a In order to 
general get more 
feeling that consistency 
certain roles and less 
could confusion 
benefit from sets of role 
specific profiles 
training. should be 
created and 
training 
courses 
administere 
d to support 
the roles 
Sometimes Clarification 
the lines of and tailoring 
authority of lines of 
need to be authority 
made clear 
(especially 
where 
different 
roles are 
bestowed 
authority), 
The level of 
authority 
required 
should be 
tailored to 
the 
size/importa 
nce of what 
is being 
reviewed 
It is unclear The 
who "owns" ownership 
the process of processes 
or parts of it, should be 
This impacts made clear 
on whether to those 
the process who are 
is tailored, involved in 
them (both 
to enable 
tailoring, but 
also to 
maintain 
governance 
of the 
tailoring) 
Ella-Mae Hubbard 
Q) 
. Evidence/Sources 
u 
" ~ '0. ~
{3. " u 
> >-'Q. Q) Q) 0 
"" "" 
""I-
RBA: lots of suggestions for left 
shift/planning in terms of 
proposal plans, getting people 
involved earlier, getting 
customer reqts, etc. There was 
an issue to do with ifTBR and 
PR run concurrently often there 
is not enough time to make any 
changes as a result. 
BSR: needs tailoring to cope 
with short timescales. Some 
activities happen too early (Le. 
red team), some happen too 
late (PR) 
OR: timescales affect the 
amount of tailoring required. 
There is not enough time to 
look at risks and opportunities 
Pink/Red: time should be 
allocated for planning and 
structuring the reviews. 
Duration of Phase 2A can differ 
greatly (from a 30 day 
turnaround to 3 years!). If the 
process isn't tailored 
appropriately then the process 
can become long and 
complicated. Time is 
"compressed" towards the end 
because of the different review 
activities - there has been a 
situation where the night 
before RBA, the TBR still hasn't 
been signed off yet. 
TBR: red team review happens 
too late. There has been a 
general trend in that timescales 
for getting proposals out to 
customers is getting shorter, 
but also there are more 
requirements from customers 
to create bespoke processes. 
Sometimes 2A can have a long 
duration and various 
information needs to be 
updated (e.g. quotes/costs, etc) 
PR: PR is sometimes used to 
"pull through" the process, and 
~ hence it ends up being end Q) 
ro heavy. They had a case where u 
~ there was no draft proposal at Q) 
OIl E 2A and they got a RFP with 30 
." ;:: :; "- day turnaround. They had to 
-0 bIl 
!!1 
.s:; E heavily tailor the proceSSEqIle.t 
.'< ,-
Possible Best 
Practice . 
-
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atian 
Mostly there Better 
was organisation 
recognition of activities 
that there and left 
are time shift/plannin 
pressures g to ensure 
within Phase that outputs 
2A. It is felt from 
that there reviews can 
isn't be acted 
anything upon 
that can be 
done about 
the time, but 
that better 
organisation 
and 
appropriate 
tailoring 
would 
streamline 
the process. 
The duration 
of Phase 2A 
can differ 
greatly for 
each 
proposal. 
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Various suggestions for left shift 
in terms of: 
Bringing people in earlier 
Briefing prior to meetings 
Getting more done prior to 2A 
Keeping those involved "in the 
loop" 
Better planning 
~ 
..<:: 
V) 
~ 
Q) 
-' 
-0 
-'" 
'" 
u 
'" N -' 
- There were 2 main areas where 
the sequence of events differed 
between participants at 
workshops. 
1. When the executive 
summary is done 
2. Whether the TBR and PR are 
"" 
concurrent 
c: 
"u 
c: 
Q) 
=> 
.,. 
" 
Q) 
N Vl 
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Pink/Red: Do 
as much in 
paralielas 
you can 
Supporting the 
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Conclusion Recommend 
ation 
The end of There needs 
Phase 2A is to be more 
particularly left shift in 
back heavy. terms of 
There was planning and 
the feeling inputs into 
that if more activities. 
could be 
done earlier, 
then this 
would 
relieve the 
workload 
towards the 
end 
Relates to #3 
Try to get 
those 
involved 
earlier in the 
process 
(even pre 
2A) 
There is The purpose 
some of the 
confusion in activities 
the needs to be 
sequence of clarified. 
activities (in 
particular 
the 
executive 
summary 
and the later 
reviews) 
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RBA: Pink/Red and ICE reviews 
are not mandated in the UK< 
BSR: need to tailor low value 
bids to have less detaiL Also 
need to tailor for short 
timescales. 
DR: Tailoring depends on the 
size of contract and timescales. 
Tailoring should be encouraged, 
but there needs to be 
'" 
guidelines on what to and how u 
" to tailor. Local tailoring needs 
'" 
~ 
'" to be communicated to new :::
is starters (make it easier to find 
.z::: 
on intra net) ~ <3 
"" 
Pink/Red: any tailoring has to 
" be agreed by the MD. There '5. 
0 needs to be intelligent tailoring u 
..... 
of the process. In principle the 
'" u 
" logic of the process is right, it 
'" 
~ 
 ~ needs pragmatism however to ~ u 
'" " >'0 get through. o 0 \!J ~ 
..... "- " TBR: LCM does work well, but it ~~E should be tailored 
'§ .~ ~ 
:= Q) ::::I appropriately and not just paid 
00 
'" ~ '0 N f- , , 
"lip service" 
- RBA: current process is product 
based, it needs to take into 
account the service shift 
BSR: differences between 
competitive and non-
competitive bids 
~ DR: product to service shift is 
u 
causing problems. Needs to be i:! 
~ 
consideration of how best to 
" 0 u tailor the process for new builds ~ 
0 
or upgrades. Some of the ~ 
'" "- current checklists (DR) are more > ~ 
suited to product based bids-~ 
" 1: there needs to be more support 
~ for service based. 
'i5 Pink/Red: the current process is 
.z::: 
~ 
more suited to national 
"" 
3 
" "" 
contracts rather than export 
.  
" .2 '5. TBR: there is a move to service 
en ';0 0 
N f- U based contracts 
Table E. 2 Key Issues 
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Conclusion Recommend 
atien 
In general There needs 
there is to be a 
acknowledg tailoring 
ement that guide that 
tailoring explains 
needs to be what can or 
performed< should be 
It is felt tailored< 
however Also there 
that there is needs to be 
little input in feedback in 
terms of terms of 
what should examples of 
be tailored< how 
Also tailoring has 
different been done 
BUs are 
tailoring due 
to 
differences 
and that 
there could 
be examples 
to share. 
Relates to There needs 
#28 to be an 
It is felt that update of 
current current 
documentati Phase 2A 
on does not support 
"fit" for materials to 
different ensure that 
types of the process 
contract is generic 
enough to 
be tailored 
for different 
circumstanc 
es 
Ella-Mae Hubbard 
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Figure E. 12 Recommendations for change 
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E.S Further workpack contents 
Supporting the 
Configuration of DMS 
Phase 2A Workpack 
Design Review Representatives 
Grace Kennedy & EUa·Mae Molloy 
Research Associates 
Systems Engineering Innovation Centre (SEIC) 
Loughborough University 
C ",;.1.",-
Figure E. 13 Workpack front cover 
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Participant Information 
~----
- I IOth~;-~;~-~-held (~jth-jn Pha;e 2A)": 
.-
-I Name: .......•......•.•..................•••............ 
BUI Project', ...••.........•........................... Capture Manager Bid Team 
length of experience wtlh 2A', .................. Sid Manager Project Manager 
..................... h ..................................... Project Engineering Project Technical 
Reason for attending workshop" ............... Manager Authority 
............................................................ 
Contracts Manager Commercial Manager I 
Email address: ....................................... Line Management DRAssessor I 
, ........................................................... Lead Assessor Integrated Assessment I Telephone number (external)' .................... Team 
DR Chair DR Manager 1 
................... '.H ............. u ...................... 
Current role"': ......................................... OR Support Chief Enigneer 
Customer Interface Pink! Red Team I 
•••••••••••••••••••••••••••• 0* .............................. 
Interesl in future case studies? D PR Chair PR Assessors 
Group Marketing Director Engineering Authority 
·This infDrmation is required. TBR Chair T9 R Assessors I 
Furttror co/1tQct details, sue.' as your name. emai! address 8SR Cha.ir Functional Reps I 
and telephone flumbcraro not mandatory. however. they Suh;ect Maner Experts Facilitator I I are [)sefuJ as they o!iow us to providtt you with results at this 
study. Suc.'l information wW not be attached to any Line Leader O:her .•.....•.••.•............ I 
ros{Janses you givo, I I 
11 Cll.oUi!"hnrnugh 
~ University 4 
Figure E. 14 Participant information sheet included within workpack 
DMS Questionnaire (1) 
STATEMENT 
I feel cOrT-tortable with all the decisions I make. 
I discuss deciSions with colleagues before making 
them. 
I would like be~er information when making 
decisions 
1 try to think abot.::t all posslbte consequences 
when making decisions 
I would like more human support when making 
decisions 
I would like more time when making deciSIons. 
My deciSions are constrained by Jisk I management 
I would like more computer based support when 
making decisions. 
J teell have enm.:gh knowledge to make the I deciSions I have to 
Strongly Disagree Neither agree Agree S!rongly 
Dlsagree nordisag~e Agree 
L _____ J ________ L __ .. L~ __ I 
1 2 3 • 6 
L_ ... __ .....l .. _. ___ .. ____ L. __ ._.l _____ ~1 
1 2 3 .. 
" 
1.. ___ ... J_ .. _ .._.~ . .i ____ ._ .. _L-.~J 
1 2 
~-- ..... -}. 
I I 
, 
" 
I I 
1 
" 
1 L 
1 2 
I I 
1 
" L __ J 
1 
" 
3 .. 
" 
.--k. I I 
" 
5 
I 
3 
I 
3 
! 
3 
! 
3 
J 
3 
I 
.1 
" 
5 
I 1 
.. 
" 
1 1 
.. 5 
I. I 
• " 
.1 1 
4 
" 
~. III LUll!!". borough University 
. 27 
Figure E. 15 First part of DMS questionnaire included within workpack 
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DMS Questionnaire (2) 
STATEMENT I Strongly Oisagme Neither agree Agree Strongiy 
OlSagree nor disagree A~reo: 
My cecisions are constrained by external issues. I ; I i .! I :z 3 .. Cl 
I take risK management into account when I I i I J 
making decisions. , 
" 
3 .. 5 
I have the necessary authority to make the I I ~ f ! I decisions I need to. 1 
" " 
_s 
1 review all my decisions after they have been L._. ___ l~ .. _._.~i ___ L __ I 
ma.de. 1 
" " 
.. 5 
I tend to make more decisions as part of a team, I .~- ! I ! rather than on my oVm. , .~ .. 5 
j approach af( my decisions in the same way. L~._L __ .--.L __ I . .1 
1 :z 
" 
.. 5 
I would !ike more information when making L~ ... ~L .... i I .1 
deciSIons. , z 
" 
.. 5 
I make decisions m:tstde my maln role's J I i I I 
responsibility. 1 2 
" 
.. 5 
Figure E. 16 Second part of DMS questionnaire included within workpack 
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E.6 DMS questionnaire results 
Statement St. Dts. Disa ~ Neither A ". St. A 
"" ~ 
" 
~ ~ ~ 
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Figure E. 17 Results from DMS questionnaire (see figures E_15 and E.16) 
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E.7 DMS Framework examples from workshops 
Workshop 1 
Supporting the 
Configuration of DMS 
1. Contextua: 
variables 
2. EnvIronmental 3. Organisational 4. Level of OM 
variables culture 
@ 
B. Activities 
'@@ 
@ 
C. Jnfrastructure @:. 
: : 
'~--------~~~------~--------~-+,'~--------~----------4 
:. D, Knowledge and 0@8-fe\s 
1, Information \..!.,J ~ 
'CV 
Figure E. 18 Decision-Making Framework from Workshop 1 
1. Management should get involved earlier to give the bigger picture view, 
2, Can be conflict with internal processes and those of suppliers and partners, 
3, The baseline model will only work for those standard situations and will 
need tailoring, 
4. Different people require different things to progress through the phases of 
the life cycle. 
5, Too much focus on technical solution and not enough on the total solution, 
which is becoming increasingly important due to the product-service shift, 
6, Needs to be somewhere where the competition is assessed or market 
trends analysed, It is important to understand the environment. 
7, Confusion as to the purpose of the phases throughout the lifecycle, 
8, The terminology with regards to the roles is an issue, 
9, The TBR is heaVily front loaded - there is a great multitude of information 
required for the TBR which usually results in a 10 minute chat, 
10. Different work schedules make organising reviews difficult. 
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11. The refine the solution part of the process turns into a "train crash" if the 
proposal is too complex (i.e. plenty feeding in at different levels). There is 
an issue with the time available and the number of lower level design 
reviews that feed up into other design reviews (and hence also to integrate 
it all together). 
12. Needs better continuity between phases. 
13. There is a lack of delegated authority in the process, many smaller bits 
often need to be fed up, which takes time. 
14. Some feeling that people don't have time to do their real work because 
they are too busy preparing for reviews. 
15. Tailoring needs to be done appropriately, otherwise it can make things 
much worse. 
16. All the activities should be done earlier. 
17. There is some confusion as to the necessary order of the activities. 
a. Does this impact on the ability to make decisions? 
18. Some extra issues come from import/export contracts. 
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Workshop 2 
®® 1, Contextual 2. Environmental variables variab!es 
G)® 
__ MMMM~ __ M_,,_ 
,- -----
... _- .. 
A, Agentsl roles ~@~@ 
@)"\ @ \ 
B. Activities ®@@ , , , 
, , 
, 
" , , , 
, , 
, 
-" , -----
-
, 
C, Infrastructure 
, 
"-~"" .. ~ 
---- ... -
" 
" 
D. Knowledge and ®0@ Informa,on 
Figure E. 19 Decision-making framework from workshop 2 
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3, Organisational 4, Level of DM 
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1, There should be more continuity between phases. 
2. It is important to understand when the different information will be 
needed throughout the lifecycle, 
3. The official description of 2A is 'broken' - much of what is described occurs 
elsewhere. 
4. Too much focus on the technical solution - needs to be more focus on the 
total solution, especially with the product-service shift bringing more 
service-based contracts. 
S. Conflict between functions -7 technical vs. commercial 
6. The purpose and value of the entirety of phase 2A is not clear. Is it needed 
at all? Not much more work is done, it is viewed by some as simply the 
opportunity to scrap a bid, 
7. Confusion as to what is required for the different deliverables. 
8. Overlap between some ofthe review processes 
9. The timing of the review processes are often dictated by the availability of 
people, rather than when would be best in the project. 
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10. Getting the right people in the right place at the right time is a great 
challenge. 
11. It is important to understand the maturity of the information being used at 
all the different stages, e.g. customer requirements. 
12. The roles involved depends on the maturity of the tailored application LCM 
processes. 
13. There was some question as to the authority of the outputs of the reviews, 
as a line leader could make the decision to progress even if the review is 
failed. 
14. There is a general need to further recognise the importance/ role of the 
process (LCM) people. 
15. Process needs to be tailored to cope with varying timescales. 
16. Sometimes reviews happen to late to act on the recommendations. 
17. The people attending the reviews need to be briefed and giving more 
information ahead of time, rather than sitting there on the day and just 
nodding. 
18. Management should be more involved in the process than they are. 
19. Process needs to be tailored for varying values (sizes) of bid. 
20. Need to recognise the difference between different bids (e.g. competitive 
and non-competitive) 
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Workshop 3 
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®®@ 1. Contextuaj 2. Environmental 3. Organisational 4. Level of DM variables variables cu!ture 
A. Agel1ts.l roles @ @@\ f® @ , , , 
, , , 
, , , 
, , , 
, , , 
B. Activities ®@@ : : , CD , , , , , , , , , , 
, , , 
• , • , , , , , , 
, , , , 
, , , , 
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-, , 
, 
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, 
, , 
, : , 
D. Know~edge and @ \ (D(±) 0 i:25mation 
'@ 
Figure E. 20 Decision-making framework from workshop 3 
1. Should be better use of lessons learned. 
2. Key supplier relationships need to be maintained. (Customers, suppliers 
and partners) 
3. Some of the reviews take place before the necessary input information is 
available. 
4. The focus of the reviews is not always appropriate. 
5. Phase 2A seen as simply the review not the process leading up to it. 
6. Differences in terminology leads to lack of understanding. 
7. The availability of the information is one thing, but the maturity of that 
information is also important. 
8. The use ofthe certificates from the reviews needs to be clearer. 
9. It can be difficult to get all the different bits of the process done and put 
together. 
10. In one situation, the bid was across operating groups. They wanted to do a 
joint PR but found this impossible because the recipients of the PR from 
each group differed in their requirements. 
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11. Issue of different languages when dealing with international suppliers, 
customers or partners. 
12. Needs more consistency with the roles across the lifecycle. 
13. Heavily tailoring is often needed to get the bid through on time. 
14. Chairs and assessors should be selected early and kept informed 
1S. Things need to be taken care of early rather than trying to overload the 
end. 
16. Some confusion as to which of the reviews need to be done first and feed 
into each other. It is not clear where the information comes from or goes 
to. 
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Workshop 4 
Supporting the 
Configuration of DMS 
1. Contextual 
variables 
2. Environmer.tal 3, Organisational 4. Level of DM 
A. Agents'! roles 
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B. Activities 
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Figure E. 21 Decision-making framework from workshop 4 
20 38 
15 36 
1. Issue of product-service shift. There was a general agreement that 'new' 
service based contracts caused some problems -7 currently tailoring old. 
2. Different processes needed for new vs. legacy systems (and different 
expectations). 
3. Issues of aligning ELC and LCM. 
4. Knowing when to delegate and to whom. 
5. Overlap of review activities (DR and TBR) 
6. Are independent reviews really independent? 
7. Who does the reviews may be down to who is available at the time, rather 
than who is best for the job. 
8. Sometimes you can get locked in to process and have to bid for everything. 
That can take some decisions away from you. 
9. 'Murdering' small contracts with too much enforced process. 
10. May not have customer requirements input. 
11. Issue of having complete list of roles/ responsibilities for chairs of reviews 
(consistency). 
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13. Quality of review (and whether correct decisions are made at the right level 
etc.) can depend on background and knowledge of chairman. 
14. Not seeking the right chairman for the review can mean the right 
knowledge and information is not brought to the review (not requested) 
and 'right' decision cannot be made. 
15. Confusion as to where the certificates from the reviews go - does this cloud 
the purpose ofthe review? 
16. General confusion of role terminology and who is responsible for what -7 
especially in different areas and on different kinds of projects. Makes 
personnel movement difficult (or personnel movement leads to further 
confusion). 
17. Confusion over purpose and content of some documents -7 e.g. plans 
external vs. internal 
18. Some issues of confusion of ownership of different activities and 
recognition that agreeing ownership can be an issue. 
19. Confusion of people vs. roles 
20. Issue of who can make the decisions at what level. 
21. Need to improve engagement with suppliers and customers. 
22. Tend to do things in 'mad rush' don't have time (and subsequently don't 
have information) to fully explore risks and opportunities. 
23. Level of engagement and partnerships with suppliersj sub cons etc. not 
consistent. 
24. Issues of level of correlation between internal processes and supplierj 
vendor processes. 
25. ITAR restrictions 
26. Danger that you can over engineer and project teams do nothing other 
than produce lots of management plans. 
27. Need better training for chairmen. 
28. Need better understanding and visibility of local tailoring. 
29. Danger of duplication of information for different reviews. 
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30. Duplicating activities (doing same thing) for different reviews. 
31. Lack of knowledge of what's happened before leads to projects reinventing 
the wheel -7 need to learn lessons better 
32. Need better consistency along the supply chain, e.g. better communication 
and relationships with suppliers, customers and partners. Need better 
customer involvement through out. 
33. Need to set solution against requirements, and there needs to be a good 
understanding of both. 
34. Some review activities are losing their focus and unnecessarily widening 
their remit. 
35. For the reviews to be efficient there needs to be better buy in and 
understanding of their value. 
36. Needs to be better recognition of what needs to be does and how it adds 
value without over engineering. 
37. Should better employ templates where available. 
38. There are some issues with delegation of authority. 
39. There are some issues with ownership of estimates. 
40. Chairs need to continually update their training. 
41. Needs to be better communication of local tailoring. 
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Workshop 5 
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Figure E. 22 Decision-making framework from workshop 5 
1. People are often 'in a phase' before they realise or do anything about it. 
2. Some confusion as to what is reviewed in some of the review activities. 
3. Often no traceability as to whether as to whether recommendations from 
reviews have been implemented. 
4. 'There is not enough time to follow the process of 2A. In the past, these 
things were planned 'properly' and we could do all that is required.' 
5. Feeling that there is an assumption of 'mail order' view from the 
customers. There does not seem to be an appreciation of the work that is 
required to work up a bid. 
6. Need more understanding of how to manage suppliers and the extended 
supply chain. 
7. Needs further focus on the customer at an early stage to increase 
understanding. 
8. There can be too much focus on the engineering solution rather than the 
total solution. 
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9. There are overlaps between reviews. This can lead to the same information 
being produced at multiple times and the same tasks being done too. This 
can lead to inconsistency. 
10. Information is not just required for reviews, it is also needed for 
integration. 
11. Need list of qualified assessors and reviewers. 
12. Where datal information has a time validity, there needs to be config 
control 
13. Independent reviewers from different business units can be useful in 
review. 
14. There are tensions/ conflict between project and function (TBR seen as 
function 'giving' information to project). 
15. Not clear as to what comprises a 'good' 2A. Can make assessment difficult. 
16. Not clear as to who is responsible for ensuring that the outputs from the 
reviews, the recommendations, are dealt with. 
17. Some ambiguity between different roles. 
18. Not clear when the bid leader (in terms of BU led, corporately led) is 
assigned. 
19. Some reviews happen too late for any outcome or recommendation to 
make any difference. 
20. They often hear that there is not enough time to do 2A. This is due to the 
timescales for getting proposals out being compressed, but also the 
bespoke processes that are required by particular customers. 
21. Should get the review team involved earlier in the planning stages, rather 
than just having them at the review meeting. 
22. All of the activities should be started earlier. 
23. It is important that the organisational processes can be tailored. 
24. There is a move to service based contracts and the processes need to be 
adapted accordingly. 
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Figure E. 23 Decision-making framework from workshop 6 
1. There was some discussion as to whether RSA was within Phase 2A or 
whether it occurred afterwards. 
2. There was some discussion and confusion as to who owns the Phase 2A 
process. 
3. Some feeling that too many people were involved in administrative 
positions in some of the reviews and that this is an inefficient use of 
resource. 
4. There are some activities that it is agreed should take place early, but it is 
recognised that this does not happen in practice. 
5. There needs to be more continuity between phases. 
6. The issue of the implications of the product to service shift was discussed 
along with what this means for different contracts. Also the fact that the 
processes are not tailored for service based contracts, even though they 
are assessed in that way. 
7. Design freezes are not always clear. 'You are never sure what the optimum 
solution is'. 
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8. There is a host of supporting information for all the activities, but it is not 
always clear where the information is obtained from. 
9. People in the organisation do not see the value in all the required activities, 
which mean that some of the tasks are viewed as 'supplementary' to the 
day job and hence don't take priority. 
10. It is not clear who does what in some of the review activities. There was 
some disagreement as to whether these roles and responsibilities need to 
be corporately mandated. 
11. Some discontinuity as to whether the reviews are the whole process or just 
the meeting at the end. 
12. No training for the PR or RBA chairs, which can affect the validity of the 
reviews. 
13. Appropriate, challenging people are needed to perform the reviews. 
14. Need to spread the load, otherwise some people end up doing nothing but 
reviews. 
15. Need to better include partners involved in the solution. 
16. People do not understand the purpose, content or aims of the reviews. 
17. Lack of definition in requirements -7 e.g. need a 'good proposal', but what 
makes a good proposal? 
18. Need better management and organisation of information produced. 
19. Resourcing needs to be improved. 
20. Configuration control needs more focus. 
21. They do not actively integrate or put together portfolio of plans because it 
is resource intensive. 
22. A lot of the roles involved are seen as supplementary to people's day jobs, 
which should not be the case. 
23. Roles and responsibilities are not publicised and hence not widely 
understood. 
24. Reviews take place with no time to review shortcomings or re-do in case of 
failure. 
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25. Reviewers should be involved earlier in the process, not just the review 
itself. 
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Appendix F: Industrial Case Study 2 - Extra Information 
Summary 
This appendix presents extra information from the second industry-based case 
study. It contains data taken from the study (including baseline models) and 
samples of data collection forms used, such as the work-packs. 
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F.l Initial questionnaire 
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Initial Questionnaire for TBR Participants 
Firstly thank you for agreeing to participate in this TBR Case Study exercise. This 
questionnaire is Stage I of 2 and will be used to gather general infonnation about you 
and your experiences in TBR. 
There are NO right or wrong answers and you will not be judged on the infonnation 
that you provide. The answers you give will be used as a springboard for further 
discussion in Stage 2 (follow up interviews). Analyses of responses will be made 
across the participant set and any results will be fed back with inQividual sources non 
attributed. 
It is anticipated that the questionnaire will take about 15-30 minutes to complete. 
Section A - About You 
AI. Name: 
A2. BUlProject: 
A3. Main Site: 
A4. Current Role in TBR: 
AS. Length of Experience in TBR: 
A6. Reason for Participating: 
A7. Telephone Number (external): 
AS. Other Roles Experienced (tick below for all that apply): 
TBRChair 
Proiect Engineering Manager 
Capture Manager 
TBR Review Team 
Engineering Authority 
Line Leader 
RBA Chair 
Design Review Chair 
Project Management 
Authority 
Design/Technical 
Authority 
Bid Team 
Other ....................... . 
Section B - Your Perceptions of TBR 
Bl. In layman's tenns, what do you believe the purpose ofTBR to be? 
B2. Did you undertake any training for the role( s) that you hold? If so please 
specify. 
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B3. Do you believe that there is a further requirement for training (for either your 
role or others involved in the process)? If so then please specify 
B4. What support is available for those undertaking the TBR process? 
B5. Is there anything that could be improved in the way the TBR process is 
undertaken? 
B6. Are there any best practice or lessons learnt that you would like to share? 
B7. Do you perceive a need to tailor the TBR process for different circumstances 
that you have encountered? From your experiences do you have any examples 
of this? 
B8. Are there any external issues that impact on the TBR process? 
Section C - Information Sources 
Cl. Which of the formal documentation (if any) listed below do you use in your role 
during the TBR process? 
C2. Are there any other formal sources that you use (e.g. BU's tailored process)? 
Please specify. (It would help to have these readily accessible for the Follow 
Up Interviews). 
C3. What is the key information that you require in order to undertake your role(s)? 
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Section D - Decision Making 
Thinking specifically about your work within TBR. Please mark on the scale next to 
statement the amount you agree with that statement. Please fill it in to the best of your 
ability (answer in general for you, rather than with specific examples in mind). 
;>," 
" 
~ ~ " ;>, 
- " " " 0 " " - " OI)~ 
~
.s 0 Eh 
" 
bIl"
" bIl bIl ~ " ~ 
o " " '0 ~ ~ bIl o bIl ~ ~ ~ Z~iS <>: .l::<>: mCi is Ul 
DJ. I feel comfortable with all the decisions I 
make. 
D2. I discuss decisions with coUeagues before 
making them. 
DJ. I would like better infonnation when 
making decisions. 
D4. I try to think about all possible 
consequences when making decisions. 
D5. I would like more human support when 
making decisions. 
D6. I would like more time when making 
decisions. 
D7. My decisions are constrained by risk 
management. e.g. the options I have are 
limited by risk management 
D8. I would like more computer based 
support when making decisions. 
D9. [feel [have enough knowledge to make 
the decisions I have to. 
DIO. My decisions are constrained by external 
issues. 
D I J. I take risk management into account 
when making decisions. e.g. what risk is 
associated with the different options 
Dl2. I have the necessary authority to make the 
decisions I need to. 
D13. I review all my decisions after they have 
been made. 
D14. I tend to make more decisions as part of a 
team, rather than on my own. 
D15. I approach all my decisions the same 
way. 
D16. I would like more infonnation when 
making decisions. 
Dl? I make decisions outside my main role's 
responsibility. 
Please respond by Friday 7th December 2007 (via return email is preferred). After 
we have received your completed questionnaire we will be contact you to start Stage 
2 (Follow Up Interviews). 
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F.2 Further information on decision-making 
The information in this section is taken from the study report. 
F.2.1 Questionnaire 
Supporting the 
Configuration of DMS 
The responses to the questions (see section F.l) were gathered on a Likert Scale, 
where participants were asked to scale their agreement with a number of 
statements (from strongly disagree to strongly agree). 
• Overall, respondents had no major issues with the decisions they make or their 
DM process. 
• Most respondents feel comfortable with the decisions they make and discuss 
them with colleagues. They were generally happy with the information and 
time they have for making decisions and would prefer more human based 
support rather than computer based support where appropriate. Respondents 
felt that they have enough knowledge and authority to make the decisions they 
have to. 
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Figure F. 1 BU 1 OM model 
1 Confusion over the purpose of activity (TBR) 
2 Poor training 
3 There is not enough on 
4 Whole process should be more holistic. 
5 Process is too heavy and bureaucratic 
6 More focus is needed within the activity 
7 Need different tailoring for different contracts 
8 Need to ensure that role holders understand their responsibilities 
9 Need better communications within and across teams. 
10 There should be more allowance for re-run of activities. 
11 The should be more/ better planning of activities for TBR. 
12 There should be earlier involvement of the TBR Chair (and assessors) 
13 Everyone seems to be pushing the boundaries of their roles and responsibilities. 
14 There needs to be more buy in for the process from across the business, 
15 There needs to be more customer involvement. 
16 There is a lack of visibility of governance ownership. 
17 Importance ofthe integrated solution is not understood. 
18 Confusing chains of constraining advice, especially in conflict to delegation. 
19 Unciear chains of hierarchy 
.. Table F. 1 IdentIfIed Issues for BU 1 (see f,gure F.1l 
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1. Contextual 2. Environmental 3. Organisational 4. Level of DM 
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Figure F, 2 BU 2 OM model 
1 There is no consistency in the understanding of the purpose of TBR. 
2 Context is not fully understood and people do not understand the implications of their 
decisions. 
3 Formal checklists are not useful. 
4 They need further guidance on tailoring. 
5 More tailoring is needed for support programmes. 
6 Terminology and general confusion within support contracts. 
7 No consistency of application of process and running of activity across BU. 
g Confusing chains of constraining advice, especially in conflict to delegation. 
9 Unclear chains of hierarchy. 
Table F. 2 IdentIfied issues from BU 2 (see fIgure F.2) 
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Figure F, 3 BU 3 OM model 
1. Confusion over the purpose of the activity, 
2, Process guidance needs to be improved, 
3, Training is available but not readily visible/ accessible. 
4. Clear simple guidance and training for the TBR is needed, 
5, Better training and role definition is needed for different phases. 
6, Better process guidance is needed 
7, Formal documentation felt to be outdated, 
4. Level of OM 
8, Need to be flexible (process) to deal with changing customer requirements, 
9, Need tailoring for different contracts 
10, There is not enough guidance for tailoring the activities 
11. Presence of LCM manager makes things go smoother. 
12, TBR Chairs do not understand their role, in spite of training, 
13, Not always understood that the Review Team has a day job too. 
14, There is common confusion between some of the roles (esp, EA and TBR) 
15, LCM not understood by roles involved, 
16, Many of the reviews end up taking place concurrently, 
17, There is confusion over who is ultimately in control of the TBR, 
18, Changes in legislation for acquisition policy can affect TBR, 
19. Need to work better with partners and sub cons, 
20, Confusing chains of constraining advice, especially in conflict to delegation, 
21. Unclear chains of hierarchy, 
. , Table F. 3 Identified Issues from BU 3 (see figure F.3) 
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Figure F, 4 BU 4 OM model 
1 Differences between the different review activities are not as clear as they could 
be, 
2 There is confusion over the purpose of the activity, 
3 TBR is not perceived as an important activity, 
4 There is corporate level TBR guidance, MAS policy and checklist for TBR, There is 
no consistency as to which is used, 
S There is not enough awareness of the local processes, 
6 TBRs tend to fail for the same reasons, there is no use of lessons learned, 
7 There is no register of staff with particular skills and experience for TBR, 
8 There should be more planning, . 
9 Delegated authority is not always understood, 
10 Confusing chains of constraining advice, especially in conflict to delegation, 
11 Unclear chains of hierarchy, 
Table F, 4 IdentIfied Issues from BU 4 (see f,gure F,4) 
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Figure F. 5 BU 5 OM model 
1 The point and value ofTBR is not well understood. 
2 Su pport for process is not easy to locate. 
3 Local tailored process would be useful. 
4 Need further assistance for combining TBRs (e.g. interacting contracts) 
5 Current process is not geared up to deal with unusual types of contract. 
6 Best practice guidance is not accessible and is daunting to read. 
7 Need guidance on minimum timescales for activities to prevent rushing. 
8 Information is not always disseminated. 
9 Confusing chains of constraining advice, especially in conflict to delegation. 
10 Unclear chains of hierarchy. 
.. Table F. 5 Identified Issues from BU 5 (see figure F.5) 
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Figure F. 6 BU 6 OM model 
1 There is not enough familiarisation of and attention to the TBR process. 
2 There is no support provided for the TBR process. 
3 Roles need to be more flexible to cope with different types of contracts. 
4 Activities need to be more flexible to cope with different types of contract. 
5 People involved are not familiar with the LCM process. 
6 There should be more planning. 
7 Confusing chains of constraining advice, especially in conflict to delegation. 
8 Unclear chains of hierarchy. 
.. Table F. 6 IdentIfIed ISsues from BU 6 (see f,gure F.6) 
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The main issue from a decision-making (DM) point of view was the (lack of) 
understanding of the purpose of the overall TBR activity. This was something that 
was recurrent throughout the workshops and interviews across the business units 
(BUs). Without an understanding of the purpose, the rationale for any decisions 
which take place within the activity are questionable. A second recurring issue was 
the consideration of Capability and Service based projects. With these types of 
contract, decisions made at an early stage can have a lasting impact. With less of 
the risk being passed along the supply chain, but rather staying with the provider, 
more issues need to be taken into account. If these projects are assessed against 
more traditional standards then risks (and opportunities) may be overlooked. 
Ideally, new processes and guidelines should be developed to help with such 
circumstances. At the very least better guidance for tailoring is essential, both for 
these new contract types and in general. These two issues (along with many of the 
others) are inextricably linked. If there is better understanding of the purpose of 
the activity and the required outcomes, then an understanding of how the process 
may be tailored will naturally follow. 
Key issues identified from the BU representatives communication are outlined 
below: 
• BU 1 
o Key areas are agents/ roles and activities. 
o There was some feeling that not all role holders understand their 
responsibilities or are pushing the boundaries of their roles, which may 
lead to wrong decisions being made, decisions being made by the 
wrong people or decisions not being made at all. 
o Activities not understood or planned correctly can impact on OM. 
• BU2 
o Key areas contextual variables (lifecycle issues) and the applicability/ 
availability ofthe agents/ roles with regards to organisational structure. 
o These issue areas are perhaps not surprising considering the fact that 
the processes are still relatively new to this BU. 
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o It is important to understand what the legacy processes were along 
• BU 3 
with adopting the new baselines to understand the potential confusions 
and conflicting decision rationale. This will be true for both conflicts in 
process and understanding of chains of responsibility/ hierarchy. 
o The key area is activities. 
o This issue may be contributed to by the new tailoring taking place 
within the BU. 
o The important issues are those of lack of understanding of purpose and 
perception of importance of the activity. 
o Delegated authority and chains of hierarchy should be clearer to aid 
understanding, tailoring and overall OM. 
• BU 4 
o The key area is activities. 
o Many of the issues arising (such as unclear chains of hierarchy, further 
guidance for tailoring and further support) may be symptoms of the key 
issue of the lack of consistency in the understanding of the purpose of 
the TBR process. 
• BU 5 
o The key area is activities. 
o Many of the issues arising (such as unclear chains of hierarchy, further 
guidance for tailoring and further support) may be symptoms of the key 
issue of the lack of consistency in the understanding of the purpose of 
the TBR process. 
• BU 6 
o The key areas are activities and the applicability/ availability of the 
agents/ roles with regards to organisational structure. 
o The main issue appears to be that there is not enough familiarisation of 
an attention to the TBR process. 
o More planning and overall flexibility is needed to allow the necessary 
decisions to be made. 
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Any formal support documentation should be accessible - that is it should be 
readily available and simple and to the point (not daunting or too long). If this is 
not the case, it will simply not be used. 
It is not sensible to try and train people to cope with each specific decision that 
they may come across - it does not work. Training should be targeted to equip 
people to be flexible and resilient when faced with the challenges they meet. 
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F.3 Corporate baseline models 
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Figure F. 36 Sample BU model - BU 1 Report and monitor process 
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Appendix G: ToADS prototype - Extra Information 
Summary 
This appendix presents extra information and examples of the development of the 
tool prototype (ToADS - Tool for the Assessment of Decision-making Systems). 
Contents 
Figure G1 
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Sample output report 
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This appendix presents extra information from the validation studies. It contains 
sample data and data collection forms used in both the workshop and case study 
validations. 
Contents 
H1 Validation workshops 
H2 Validation case study 
Figure H1 
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Figure H6 
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Figure H9 
Figure HlO 
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Workshop 2, group 1, example A DMF 
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The following is the information that was given to participants in the two expert 
validation workshops. They were also provided with a blank copy of the decision-
making systems framework (DMF) and sticky notes to allocate the identified issues. 
Each group in the workshops were given one ofthe two examples (Ariane 5 or Gimli 
glider). 
DMS Framework Demonstration 
Introduction 
The aim of this demonstration is to introduce the DMS (Decision Making Systems) 
Framework and to investigate its performance during use. 
It should be noted that the Framework is still in development and that this exercise 
is part of that overall work. 
It is envisaged that the Framework will be used in two stages. Stage 1 involves 
identification of issues for a particular organisation or instance and the 
categorisation of these issues on the basic framework outline. Stage 2 then goes on 
to analyse these patterns and make recommendations based on the issues and 
completed framework. A 'quick help' will also be developed for use along side this. 
Exercise 
To introduce this Framework, there is a short exercise to be completed. 
You will be provided with an example of an accident that has been analysed as part 
of this work. Information is provided for you in the form of an introduction to the 
incident and a list of issues which have been extracted. 
The aim of the exercise is for you to categorise the issues and place them on the 
framework. You will be working in groups. Each issue may fit into more tha n one box 
on the framework. 
A detailed framework and blank are provided. 
Your completed frameworks will be collected at the end of the exercise along with 
any comments on the process or use of the framework. 
A discussion on the interpretation will also take place, if time allows. 
DMS Framework - Accident Example (A) 
(Ariane 5) 
Introduction 
The 1996 maiden flight of the Ariane 5 launcher ended in failure. After 405 it veered 
off its flight path, broke up and exploded. 
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Accident report describes what they called the 'primary cause' as the complete loss 
of guidance and attitude information 37 seconds after start of main ignition 
sequence (30s after lift off). 
loss of information was due to specification and design errors in software of inertial 
reference system 
Software was reused from Ariane 4 and included functions that were not needed for 
Ariane 5 but were left in for 'commonality'. In fact, these functions were used but 
not required for the Ariane 4 either. 
This is an example of a system failure. Components did not fail in terms of not 
satisfying their specified requirements. The individual components operated exactly 
the way the designers had planned - the problems arose in the unplanned or 
misunderstood effects of these component behaviours on the system as a whole, 
that is, errors in the system design, rather than the component design, including 
errors in allocating and tracing the system functions to the individual components. 
Identified issues 
Al. The Ariane 5 accident report notes that according to the culture of the Ariane 
program, only random failures were addressed and they were primarily handled with 
redundancy. 
A2. The Ariane 5 accident report notes that software was assumed to be correct 
until it was shown to be faulty. 
A3. The Ariane 5 software involved in the loss was reused from the Ariane 4 
(software reuse or changes without appropriate safety analysis) 
A4. The Ariane 501 accident report says 'A more transparent organisation of the 
cooperation among partners in the Ariane 5 programme must be considered. Close 
engineering cooperation, with clear cut authority and responsibility, is' needed to 
achieve system coherence, with simple and clear interfaces between partners.' 
AS. The Ariane accident report mentions poor specification practices in several 
places and notes that the structure of the documentation obscured the ability to 
review the critical design decisions and their underlying rationale. 
A6. Limitations of technical aspects not all fully analysed in reviews and it was not 
realised that the test coverage was inadequate to expose limitations. 
A7. An assumption by the Ariane 5 developers that it was not possible to perform 
a complete system integration test made reviews, including simulation and analysis, 
even more important. 
A8. The Ariane accident report recommends including external (to the project) 
participants when reviewing specifications, code and justification documents and to 
make sure that these reviews consider the substance of arguments, rather than 
check the verifications have been made. The latter seems to imply that reviewers 
and assurance personnel may have simply ticked off on checklists that activities had 
been performed without reviewing their quality substance. 
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On July 23rd, 1983, Captain Bob Pearson and First Officer Maurice Quintal were 
piloting Flight 143 on a routine flight from Montreal to Edmonton, via Ottawa. The 
flight crew were experienced. 
The Boeing 767 was lightly loaded with 61 passengers and five crew, for take-off 
from Ottawa, Flight 143 climbed to its cruising altitude of 41,000 feet and the first 
hour of the flight was straightforward. 
Just after 2000 local time, Pearson and Quintal were shocked to see cockpit 
instruments warning of low fuel pressure in the left fuel pump. At first they 
thought it was a fuel pump failure. 
Seconds later, warning lights indicated loss of pressure in the right main fuel tank. 
Realising the situation was becoming serious, Pearson quickly ordered a diversion 
to Winnipeg Airport, 120 miles away. It became clear they were running out of 
fuel. 
The left engine was the first to flame out. 
At 2021, when their altitude was 28,500 feet and they were 65 miles from 
Winnipeg, the right engine stopped. Flight 143 was gliding. A magnetic compass, 
an artificial horizon, an airspeed indicator and an altimeter were the only 
instruments still working. 
The RAT (Ram-Air Turbine; emergency hydraulic power source) was used to power 
the ailerons, elevators and rudder. There was not enough power for the speed 
brakes, flaps or the undercarriage or to carry out reverse thrust on landing. 
At 2031, realising Flight 143 did not have enough height to reach Winnipeg, the 
pilots called Winnipeg ATC to request a change in heading to Gimli. 
Gimli was a decommissioned air force base. It wasn't listed in manuals, but Quintal 
had been stationed there when he was in the Canadian Air Force. 
As far as anyone knew, both of Gimli's 6,800 foot runways would be deserted. 
During descent, Quintal tried using a back up system to lower and I()ck the landing 
gear. The gear on each wing deployed, but the nose wheel stuck part way. As it 
turned out, the absence of a nose wheel saved lives. 
Unknown to ATC, Gimli airbase had become a two-lane drag strip. 
The aircraft landed after a risky side-slip (fortunately, Pearson was a glider pilot), 
and stopped before it reached the crowd. 
17 minutes elapsed between the time the power was lost at 28,500 feet and a safe 
landing. 
A federal government public inquiry carried out a comprehensive investigation into 
the accident, using reports compiled by Air Canada and the Transportation Board 
of Canada (TSB). 
When fuel quantity indicators were checked 3 weeks before the accident, each fuel 
gauge went blank. Later checks showed normal working and the aircraft was 
allowed to fly. 
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Identified issues 
B1. Mechanic did not record clearly his reasons for the choices he made during 
maintenance. 
B2. A maintenance worker was intrigued by the. problem with the fuel 
processor and despite not having the authority or the training, took it upon himself 
to tinker with the electronics while waiting for the fuel truck. Net result: fuel 
gauges were not working. The pilots checked Boeing's Minimum Equipment Level 
(MEL) for flight; plane deemed flightworthy 
B3. Inaccurate fuel readings and misunderstanding with units and associated 
conversions (pounds<->Iires<->kilos). 
B4. The investigation concluded 'Air Canada ... neglected to assign clearly and 
specifically the responsibility for calculating the fuel load in an abnormal situation.' 
B5 Safety procedures had failed to keep pace with new technology. 
B6 The crew held morning meetings at which senior technical experts gathered 
to discuss the major maintenance issues for each aircraft in the fleet. However, the 
meetings took place only five mornings a week: from Monday to Friday. July 23, 
1983 was a Saturday. 
B7. There had already been 55 changes to the MEL in the three months Air 
Canada had been operating the 767. The MEL had become such a fluid document, 
the perception grew that maintenance personnel, rather than the MEL, should 
have the final word on the aircraft's airworthiness. 
B8. Decisions were clouded by the number of people who crowded into the 
cockpit just before departure. Between 6 and 8 people visited the front of the 
aircraft after the flight crew had boarded. 
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The Gimli Glider- Database Version 
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H.2 Validation case study 
Following initial discussions, a series of questions were put together to elicit 
further information from the key contact within the organisation. The questions 
asked are included below. 
Questions 
Thank you for taking the time to look at these questions. Any information you can 
provide will be very useful for this research. The questions are split into two sets, a 
general set of questions in part 1 followed by some decisio~-making questions in 
part 2.Please continue answers on a separate sheet if necessary. 
Part 1: General Questions 
1. What are the critical problems Artform are currently experiencing? 
2. Are there any clear examples of problems the organisation have 
experienced or projects which have gone wrong? Please provide as many 
details as possible (for one such experience). 
3. How and when are payments made to the organisation? For example, are 
they staged, payment on delivery? 
4. What are the typical component lead times? (e.g. longest, shortest, 
average) 
S. Is there a materials manager? If not, who performs this function? 
6. Is there a contracts manager? If not, who performs this function? 
7. Who (which role) is responsible for: 
manufacturing control 
production scheduling 
production control 
quality assurance 
maintenance 
8. Who looks at the commercial aspects of contracts? 
Part 2: Decision Making Questions 
1. What are the key decisions made within the organisation? 
2. Who are the main decision makers within the organisation? 
3. Is there any decision support available within the organisation? If so, what 
is it, is it used and how effective is it? 
4. What are the main problems associated with decision making in the 
organisation? 
5. Does decision making form a large part of the work within the 
organisation? 
Responses to these questions contributed to the overall analysIs. 
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